EuropSisches Patentamt 
European Patent Office 
Office eur peen des brevets 



NIllWIllllllHIll 

(1D EP 1 248 350 A2 



(1 2) EUROPEAN PATENT APPLICATION 

(43) Date of publication: (51 ) | nt C I7: H02K 3/1 2 

09.10.2002 Bulletin 2002/41 



(21) Application number 02000271.3 



(22) Date of filing: 15.01.2002 



(84) Designated Contracting States: 


• Takizawa, Takushi 


AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 


Chiyoda-ku, Tokyo 100-8310 (JP) 


MC NLPTSETR 


• Hashiba, Mitsuharu 


Designated Extension States; 


Chiyoda-ku, Tokyo 100-8310 (JP) 


AL LT LV MK RO SI 


• Oketani, Naohiro 




Chiyoda-ku, Tokyo 100-8310 (JP) 


(30) Priority: 06.04.2001 JP 2001108447 


• Oohashi, Atsushl 




Chiyoda-ku, Tokyo 100-8310 (JP) 


(71) Applicant: MITSUBISHI DENKI KABUSHIKI 


• Asao, Yoshlhito 


KAISHA 


Chiyoda-ku, Tokyo 100-8310 (JP) 


Tokyo 100-8310 (JP) 


• Adachi, Katsumi 




Chlyoda-ku, Tokyo 100-8310 (JP) 


(72) Inventors: 




• Akita, Hiroyuki 


(74) Representative: HOFFMANN - EITLE 


Chiyoda-ku, Tokyo 100-8310 (JP) 


Patent- und Rechtsanwfilte 


• Tamura, Syuulchi 


Arabellastrasse 4 


Chiyoda-ku, Tokyo 100-8310 (JP) 


81925 MOnchen (OE) 



(54) Stator for a dynamoelectric machine 



(57) In a connection portion of a stator winding, con- 
ductor wires extending outward from a slot pair separat- 
ed by a predetermined number of slots are joined such 
that end portions of conductor wires extending outward 
from addresses of the slot pair separated by three or 



more addresses are joined together (a distant-address 
joint portion), and end portions of conductor wires in the 
slot pair separated by two or less addresses are joined 
together (a near-address joint portion). The distant-ad- 
dress joint portion is offset in a circumferential direction 
relative to the near- address joint portion. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a stator for a 
dynamoelectric machine such as automotive alterna- 
tors, etc, and particularly to a stator construction for im- 
proving cooling in a joint portion of a conductor wire con- 
stituting a stator winding. 

2. Description of the Related Art 

[0002] Figure 24 is a longitudinal section showing a 
first conventional automotive alternator, and Figure 25 
is a perspective showing a conductor segment used in 
a stator winding of a stator mounted to the first conven- 
tional automotive alternator. Figure 26 is a rear end el- 
evation schematically showing a first winding phase por- 
tion of the stator winding of the stator mounted to the 
first conventional automotive alternator. In Figure 26, 
solid lines indicate rear-end wiring, broken lines indicate 
front-end wiring, and black circles indicate joint portions. 
Figure 27 is a diagram schematically showing a rear- 
end portion of the stator in the first conventional auto- 
motive alternator viewed from a circumferential direc- 
tion, 

Figure 28 is a side elevation showing the rear-end por- 
tion of the stator mounted to the first conventional auto- 
motive alternator viewed from radially outside, and Fig- 
ure 29 is an end elevation showing the rear-end portion 
of the stator mounted to the first conventional automo- 
tive alternator viewed from axially outside. Moreover, in 
Figure 24, the shapes of coil ends are represented sche- 
matically. 

[0003] As shown in Figure 24, a first conventional au- 
tomotive alternator includes: a case 3 constituted by a 
front bracket 1 and a rear bracket 2 made of aluminum; 
a shaft 6 disposed inside the case 3, a pulley 4 being 
secured to a first end portion of the shaft 6; a Lundell- 
type rotor 7 secured to the shaft 6; fans 5 secured to first 
and second axial end portions of the rotor 7; a stator 8 
secured to the case 3 so as to envelop the rotor 7; slip 
rings 9 secured to a second end of the shaft 6 for sup- 
plying electric current to the rotor 7; a pair of brushes 1 0 
sliding on surfaces of the slip rings 9; a brush holder 1 1 
accommodating the brushes 10; rectifiers 12 each hav- 
ing a rectifier heat sink 12a, the rectifiers 1 2 being elec- 
trically connected to the stator 8 to convert alternating 
current generated in the stator 8 into direct current; and 
a regulator 18 mounted to a brush holder heat sink 17 
fitted onto the brush holder 1 1 , the regulator 1 8 adjusting 
the magnitude of the alternating voltage generated in 
the stator 8. 

[0004] The rotor 7 includes: afield winding 1 3 for gen- 
erating magnetic flux on passage of an electric current; 
and a pair of first and second pole cores 20 and 21 dis- 



posed so as to cover the field winding 13, magnetic 
poles being formed in the first and second pole cores 
20 and 21 by magnetic flux therefrom. The first and sec- 
ond pole cores 20 and 21 are made of iron, each has a 

5 plurality of first and second claw-shaped magnetic poles 
22 and 23 having a generally trapezoidal outermost di- 
ameter surface shape disposed on an outer circumfer- 
ential edge portion at even angular pitch in a circumfer- 
ential direction so as to project axially, and the first and 

10 second pole cores 20 and 21 are fixed to the shaft 6 
facing each other such that the first and second claw- 
shaped magnetic poles 22 and 23 intermesh. 
[0005] The stator 8 is constituted by: a cylindrical sta- 
tor core 1 5; and a stator winding 1 6 installed in the stator 

15 core 15. The stator 8 is held between the front bracket 
1 and the rear bracket 2 so as to form a uniform air gap 
between outer circumferential surfaces of the claw- 
shaped magnetic poles 22 and 23 and an inner circum- 
ferential surface of the stator core 1 5. 

20 [0006] Here, a specific construction of the stator wind- 
ing 1 6 will be explained with reference to Figures 25 and 
27. 

[0007] First, a conductor segment 30 is prepared by 
bending into a general U shape a short length of a cop- 

25 per wire material having a circular cross section covered 
with an electrically-insulating coating. As shown in Fig- 
ure 25, this conductor segment 30 is constituted by a 
general U shape in which a pair of straight portions 30a 
are linked by a turn portion 30b. 

so [00Q8] The stator core 1 5 is prepared by laminating a 
predetermined number of long, thin magnetic steel 
plates in which slots 15a are formed at a predetermined 
pitch, bending the laminated body into an annular shape 
with the openings of the slots 15a facing an inner cir- 

35 cumferential side, and welding first and second end sur- 
faces of the annular shape. In this stator core 15, the 
slots 15a, which have grooves lying in an axial direction, 
are formed at a ratio of two per phase per pole. In other 
words, ninety-six slots 15a are arranged circumferen- 

40 tially on an inner circumferential side of the stator core 
15, the number of magnetic poles in the rotor 7 being 
sixteen. 

[0009] Moreover, to facilitate explanation, Slot Num- 
bers from 1 to 96 are allocated to each of the slots 1 5a 
45 as shown in Figure 26, and the positions in each of the 
slots 15a in which the conductor segments 30 are 
housed are designated Address 1 , Address 2, Address 
3, and Address 4, respectively, from an inner circumfer- 
ential side. 

so [0010] Conductor segments 30 are inserted two at a 
time from a front end of the stator core 1 5 into slot pairs 
separated by six slots (slot pairs including Slot Numbers 
n and (n+6)). Here, in each of the slot pairs, a first con- 
ductor segment 30 is inserted into Address 1 in slot 15a 

55 Number n and into Address 2 in slot 1 5a Number (n+6) 
and a second conductor segment 30 is inserted into Ad- 
dress 3 in slot 15a Number n and into Address 4 in slot 
1 5a Number (n+6). The free end portions of the conduc- 
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tor segments 30 extending outward at the rear end from 
Address 1 and Address 2 of each of the slot pairs are 
bent in a clockwise direction in Figure 26, and the tree 
end portions of the conductor segments 30 extending 
outward at the rear end from Address 3 and Address 4 
of each of the slot pairs are bent in a counterclockwise 
direction in Figure 26. Here, four straight portions 30a 
are housed in each of the slots 15a so as to line up in 
one row in a radial direction. 

[001 1] Next, the free end portions 30c of the conduc- 
tor segments 30 extending outward at the rear end from 
Address 1 in slot 15a Number n and the free end por- 
tions 30c of the conductor segments 30 extending out- 
ward at the rear end from Address 4 in slot 15a Number 
(n+6) are stacked in a radial direction and joined by 
welding, etc. Similarly, the free end portions 30c of the 
conductor segments 30 extending outward at the rear 
end from Address 2 in slot 15a Number n and the free 
end portions 30c of the conductor segments 30 extend- 
ing outward at the rear end from Address 3 in slot 15a 
Number (n+6) are stacked in a radial direction and 
joined by welding, etc. Thus, two two-turn lap windings 
are formed, the lap windings being wound into every 
sixth slot 15a. 

[0012] Now, at the rear end of the stator core 15, dis- 
tant-address joint portions 31 ^joining the free end por- 
tions 30c of the conductor segments 30 extending out- 
ward at the rear end from Address 1 and Address 4 in 
each of the slot pairs surround near-address joint por- 
tions 31 2 . 3 joining the free end portions 30c of the con- 
ductor segments 30 extending outward at the rear end 
from Address 2 and Address 3 as shown in Figures 27 
to 29. Thus, the two joint portions 31 ^ and 31 2 . 3 are 
arranged into two layers in an axial direction. 
[0013] Similarly, at the front end of stator core 15, the 
turn portions 30b of the conductor segments 30 extend- 
ing outward at the front end from Address 1 and Address 
2 in each of the slot pairs and the turn portions 30b of 
the conductor segments 30 extending outward at the 
front end from Address 3 and Address 4 are arranged 
so as to overlap in a radial direction. 
[0014] Next, for example, the free end portion 30c of 
the conductor segment 30 extending at the rear end 
from Address 2 of slot 1 5a Number 91 and the free end 
portion 30c of conductor segment 30 of slot 15a Number 
1 extending at the rear end from Address 4 are joined. 
Thus, as shown in Figure 26, a first four-turn winding 
phase portion 161 is prepared by connecting two two- 
turn lap windings in series. The free end portion 30c of 
the conductor segment 30 extending outward at the rear 
end from Address 1 of slot 1 5a Number 91 becomes an 
output wire (O) of the first winding phase portion 161 , 
and the free end portion 30c of the conductor segment 
30 extending outward at the rear end from Address 3 of 
slot 15a Number 1 becomes a neutral-point lead wire 
(N) of the first winding phase portion 1 61 . 
[0015] Here, only the first winding phase portion 161, 
which is installed in a first slot group including Slot Num- 



bers 1, 7, etc., through 91, is shown in Figure 26, but 
second to sixth winding phase portions 1 61 are similarly 
installed in a second slot group including Slot Numbers 
2, 8, etc., through 92, a third slot group including Slot 

5 Numbers 3, 9, etc., through 93, a fourth slot group in- 
cluding Slot Numbers 4, 10, etc., through 94, a fifth slot 
group including Slot Numbers 5, 11, etc., through 95, 
and a sixth slot group including Slot Numbers 6, 12, etc., 
through 96, respectively. 

10 [0016] A first three-phase alternating-current winding 
is prepared by connecting together each of the neutral- 
point lead wires (N) of the first, third, and fifth winding 
phase portions 161 installed in the first slot group includ- 
ing Slot Numbers 1 , 7, etc., through 91, the third slot 

15 group including Slot Numbers 3, 9, etc., through 93, and 
the fifth slot group including Slot Numbers 5, 11, etc., 
through 95, respectively, to form the first, third, and fifth 
winding phase portions 161 into a Y connection (an al- 
ternating-current connection). Similarly, a second three- 

20 phase alternating-current winding is prepared by con- 
necting together each of the neutral-point lead wires (N) 
of the second, fourth, and sixth winding phase portions 
161 installed in the second slot group including Slot 
Numbers 2, 8, etc., through 92, the fourth slot group in- 

25 eluding Slot Numbers 4, 10, etc., through 94, and the 
sixth slot group including Slot Numbers 6, 12, etc., 
through 96, respectively, to form the second, fourth, and 
sixth winding phase portions 161 into a Y connection 
(an alternating-current connection). The stator winding 

30 16, which is composed of the first and second three- 
phase alternating-current windings constructed in this 
manner, is installed in the stator core 15 to obtain the 
stator 8. 

[0017] The stator 8 prepared in this manner is mount- 
35 ed to an automotive alternator, the first and second 
three-phase alternating-current windings each being 
connected to different rectifiers 12. Thus, outputs from 
the first and second three-phase alternating current 
windings are subjected to three-phase full-wave rectifi- 
es cation in different rectifiers 12, then combined and out- 
put. 

[0018] In the stator 8 constructed in this manner, as 
shown in Figures 27 to 29, the distant-address joint por- 
tions 31f_ 4 and the near-address joint portions 31 2 . 3 

45 joining together the free end portions 30c of the conduc- 
tor segments 30 are arranged at a predetermined pitch 
in a circumferential direction so as to form two layers in 
an axial direction, constituting a rear-end coil end group 
16r. Moreover, although not shown, the turn portions 

50 30b of the conductor segments 30 are arranged at a pre- 
determined pitch so as to line up in single rows separat- 
ed by a predetermined distance in a radial direction and 
to form two rows in a circumferential direction, constitut- 
ing a front-end coil end group 16f. 

55 [0019] In the automotive alternator constructed in this 
manner, an electric current is supplied from a battery 
(not shown) through the brushes 10 and the slip rings 9 
to the field winding 1 3, generating a magnetic flux. The 
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first claw-shaped magnetic poles 22 on the first pole 
core 20 are magnetized into North-seeking (N) poles by 
this magnetic flux, and the second claw-shaped mag- 
netic poles 23 on the second pole core 21 are magnet- 
ized into South-seeking (S) poles. 
[0020] At the same time, the pulley 4 is driven by an 
engine and the rotor 7 is rotated by the shaft 6. A rotating 
magnetic field is applied to the stator core 1 5 due to the 
rotation of the rotor 7, generating an electromotive force 
in the stator winding 16. Then, the alternating electro- 
motive force generated in the stator winding 16 is con- 
verted into direct current by the rectifiers 12 and the 
magnitude of the output voltage thereof is adjusted by 
the regulator 18, recharging the battery. 
[0021] Now, the field winding 13, the stator winding 
16, the rectifiers 12, and the regulator 18 constantly gen- 
erate heat during power generation. 
[0022] Thus, in order to dissipate the heat generated 
by power generation, front-end and rear-end air intake 
apertures 1 a and 2a are disposed through axial end sur- 
faces of the front bracket 1 and the rear bracket 2, and 
front-end and rear-end air discharge apertures 1b and 
2b are disposed through radial side surfaces of the front 
bracket 1 and the rear bracket 2 so as to face coil end 
groups 16f and 16rof the stator winding 16. 
[0023] Thus, the fans 5 are rotated and driven togeth- 
er with the rotation of the rotor 7, and cooling airflow 
channels are formed in which external air is sucked in- 
side the case 3 through the front-end and rear-end air 
intake apertures 1 a and 2a, flows axially towards the ro- 
tor 7, is then deflected centrifugally by the fans 5, there- 
after crosses the coil end groups 16f and 16r, and is dis- 
charged outside through the front-end and rear-end air 
discharge apertures 1 b and 2b. As a result of a pressure 
difference between a front end and a rear end of the 
rotor 7, a cooling airflow channel is also formed in which 
cooling air flows through the inside of the rotor 7 from 
the front end to the rear end. 

[0024] As a result, heat generated in the stator wind- 
ing 1 6 is dissipated from the coil end groups 1 6f and 1 6r 
to the cooling airflows, suppressing temperature in- 
creases in the stator 8. Heat generated in the rectifier 
12 and the regulator 18 is dissipated to a cooling airflow 
by means of the rectifier heat sink 12a and the brush 
holder heat sink 17, thereby suppressing temperature 
increases in the rectifier 12 and the regulator 18. In ad- 
dition, heat generated in the field winding 13 is dissipat- 
ed to the cooling airflow which flows through the inside 
of the rotor 7, thereby suppressing temperature increas- 
es in the rotor 7. 

[0025] In the first conventional stator 8 described 
above, because the stator winding 1 6 is prepared by in- 
stalling a large number of the conductor segments 30 in 
the stator core 15 and joining the free end portions of 
the conductor segments 30, one problem has been that 
the number of joints is large, causing assembly of the 
stator winding 16 to deteriorate significantly. The joint 
portions 31 1 ^ and 31 2 . 3 joining the conductor segments 



30 are also softened by welding, causing rigidity of the 
stator winding 16 to deteriorate. Thus, another problem 
is that magnetic noise increases when rigidity of the sta- 
tor 8 has deteriorated and the stator 8 is mounted to an 

5 automotive alternator 

[0026] In order to solve such problems, a stator wind- 
ing construction has been proposed by the present ap- 
plicants in Japanese Patent Non- Examined Laid-Open 
No. 11-361286, for example, enabling assembly of the 

10 stator winding to be improved and reductions in rigidity 
of the stator winding due to welding to be suppressed 
by preparing a stator winding using continuous conduc- 
tor wires, thereby reducing the number of joints in the 
stator winding. 

15 [0027] Next, a conventional stator construction using 
a stator winding prepared using continuous conductor 
wires will be explained. 

[0028] Figure 30 is a longitudinal section showing a 
second conventional automotive alternator, and Figure 

31 is a rear end elevation schematically showing a first 
winding phase portion of a stator winding of a stator 
mounted to the second conventional automotive alter- 
nator. In Figure 31 , solid lines indicate rear-end wiring, 
broken lines indicate front-end wiring, and black circles 
indicate joint portions. Figure 32 is a diagram schemat- 
ically showing a rear-end portion of the stator in the sec- 
ond conventional automotive alternator viewed from a 
circumferential direction, Figure 33 is a side elevation 
showing the rear-end portion of the stator mounted to 
the second conventional automotive alternator viewed 
from radially outside, and Figure 34 is an end elevation 
showing the rear-end portion of the stator mounted to 
the second conventional automotive alternator viewed 
from axially outside. Moreover, in Figure 30, the shapes 
of coil ends are represented schematically. 
[0029] In Figure 30, a stator 8A has a stator winding 
16A prepared using continuous conductor wires 32 in- 
stalled in the stator core 1 5. 

[0030] A winding construction of a first winding phase 
portion 162 of the stator winding 16A will now be ex- 
plained in detail with reference to Figure 31 . Moreover, 
the continuous conductor wires 32 are prepared from a 
copper wire material having a rectangular cross section 
coated with an electrical insulator. 
[0031] The first winding phase portion 162 is consti- 
tuted by first to sixth winding sub-portions 34 to 39 each 
composed of one continuous conductor wire 32. The 
first winding sub-portion 34 is constructed by wave wind- 
ing one continuous conductor wire 32 into every sixth 
slot from Slot Numbers 1 to 91 so as to alternately oc- 
cupy Address 2 and Address 1 in the slots 15a. The sec- 
ond winding sub-portion 35 is constructed by wave 
winding a continuous conductor wire 32 into every sixth 
slot from Slot Numbers 1 to 91 so as to alternately oc- 
cupy Address 1 and Address 2 in the slots 15a. The third 
winding sub-portion 36 is constructed by wave winding 
a continuous conductor wire 32 into every sixth slot from 
Slot Numbers 1 to 91 so as to alternately occupy Ad- 
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dress 4 and Address 3 in the slots 1 5a. The fourth wind- 
ing sub-portion 37 is constructed by wave winding a con- 
tin uous conductor wire 32 into every sixth slot from Slot 
Numbers 1 to 91 so as to alternately occupy Address 3 
and Address 4 in the slots 15a. The fifth winding sub- 
portion 3B is constructed by wave winding a continuous 
conductor wire 32 into every sixth slot from Slot Num- 
bers 1 to 91 so as to alternately occupy Address 6 and 
Address 5 in the slots 1 5a. The sixth winding sub-portion 
39 is constructed by wave winding a continuous con- 
ductor wire 32 into every sixth slot from Slot Numbers 1 
to 91 so as to alternately occupy Address 5 and Address 
6 in the slots 15a. In each of the slots 15a, the six con- 
tinuous conductor wires 32 are arranged so as to line 
up in one row in a radial direction with longitudinal axes 
of their rectangular cross sections aligned radially. 
[0032] At the rear end of the stator core 1 5, a first end 
portion 35a of the second winding sub-portion 35 ex- 
tending outward from Address 1 of Slot Number 1 and 
a second end portion 39b of the sixth winding sub-por- 
tion 39 extending outward from Address 6 of Slot 
Number 91 are joined, a first end portion 37a of the 
fourth winding sub-portion 37 extending outward from 
Address 3 of Slot Number 1 and a second end portion 
35b of the second winding sub-portion 35 extending out- 
ward from Address 2 of Slot Number 91 are joined, and 
a first end portion 39a of the sixth winding sub-portion 
39 extending outward from Address 5 of Slot Number 1 
and a second end portion 37b of the fourth winding sub- 
portion 37 extending outward from Address 4 of Slot 
Number 91 are joined to form a three-turn wave winding 
in which the second, fourth, and sixth winding sub-por- 
tions 35, 37, and 39 are connected in series. 
[0033] At the front end of the stator core 15, afirstend 
portion 34a of the first winding sub-portion 34 extending 
outward from Address 2 of Slot Number 1 and a second 
end portion 36b of the third winding sub-portion 36 ex- 
tending outward from Address 3 of Slot Number 91 are 
joined, a first end portion 36a of the third winding sub- 
portion 36 extending outward from Address 4 of Slot 
Number 1 and a second end portion 38b of the fifth wind- 
ing sub-portion 38 extending outward from Address 5 of 
Slot Number 91 are joined, and a first end portion 38a 
of the fifth winding sub-portion 38 extending outward 
from Address 6 of Slot Number 1 and a second end por- 
tion 34b of the first winding sub-portion 34 extending 
outward from Address 1 of Slot Number 91 are joined 
to form a three-turn wave winding in which the first, third, 
and fifth winding sub-portions 34, 36, and 38 are con- 
nected in series. 

[0034] A portion of the continuous conductor wire 32 
of the first winding sub-portion 34 extending outward at 
the rear end of the stator core 15 from Slot Numbers 49 
and 55 is cut, and a portion of the continuous conductor 
wire 32 of the second winding sub-portion 35 extending 
outward at the rear end of the stator core 15 from Slot 
Numbers 55 and 61 is cut. A first cut end 34c of the first 
winding sub-portion 34 and a first cut end 35c of the sec- 



ond winding sub-portion 35 are joined to form a six-turn 
first winding phase portion 1 62 in which the first to sixth 
winding sub-portions 34 to 39 are connected in series. 
[0035] Moreover, a second cut end 34d of the first 

5 winding sub-portion 34 and a second cut end 35d of the 
second winding sub-portion 35 become an output wire 
(O) and a neutral-point lead wire (N), respectively, of the 
first winding phase portion 162. 
[0036] Here, only the first winding phase portion 162, 

10 which is installed in a first slot group including Slot Num- 
bers 1, 7, etc., through 91, is shown in Figure 31, but 
second to sixth winding phase portions 1 62 are similarly 
installed in a second slot group including Slot Numbers 
2, 8, etc., through 92, a third slot group including Slot 

*s Numbers 3, 9, etc., through 93, a fourth slot group in- 
cluding Slot Numbers 4, 10, etc., through 94, a fifth slot 
group including Slot Numbers 5, 11, etc, through 95, 
and a sixth slot group including Slot Numbers 6, 12, etc., 
through 96, respectively. 

20 [0037] A first three-phase alternating-current winding 
is prepared by connecting together each of the neutral- 
point lead wires (N) of the first, third, and fifth winding 
phase portions 162 installed in the first slot group includ- 
ing Slot Numbers 1, 7, etc., through 91, the third slot 

25 group including Slot Numbers 3, 9, etc., through 93, and 
the fifth slot group including Slot Numbers 5, 11, etc., 
through 95, respectively, to form the first, third, and fifth 
winding phase portions 1 62 into a Y connection (an al- 
ternating-current connection). Similarly, a second three- 

30 phase alternating-current winding is prepared by con- 
necting together each of the neutral-point lead wires (N) 
of the second, fourth, and sixth winding phase portions 
162 installed in the second slot group including Slot 
Numbers 2, 8, etc., through 92, the fourth slot group in- 

35 eluding Slot Numbers 4, 10, etc., through 94, and the 
sixth slot group including Slot Numbers 6, 12, etc., 
through 96, respectively, to form the second, fourth, and 
sixth winding phase portions 162 into a Y connection 
(an alternating-current connection). The stator winding 

AO 1 6A, which is composed of the first and second three- 
phase alternating-current windings constructed in this 
manner, is installed in the stator core 15 to obtain the 
stator 8 A. 

[0038] The first and second three-phase alternating 
45 current windings are each connected to separate recti- 
fiers 12, and the direct-current outputs from each of the 
rectifiers 12 are connected in parallel and combined. 
[0039] In the stator 8A constructed in this manner, as 
shown in Figures 32 to 34, turn portions 32a of the con- 
50 tinuous conductor wires 32 are arranged at a predeter- 
mined pitch so as to line up in single rows separated by 
a predetermined distance from each other in a radial di- 
rection and to form three rows in a circumferential direc- 
tion, constituting a rear-end coil end group 1 6r. In a con- 
55 nection portion of the continuous conductor wires 32 in 
the rear-end coil end group 16r (a portion in which the 
end portions of the continuous conductor wires 32 are 
joined together), a first near-address joint portion 31 2 . 3 
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joining the end portions of the continuous conductor 
wires 32 extending outward from Address 2 and Ad- 
dress 3 of slot pairs separated by six slots and a second 
near-address joint portion 31 4_ 5 joining the end portions 
of the continuous conductor wires 32 extending outward 
from Address 4 and Address 5 of the same slot pair line 
up in a radial direction, and a distant-address joint por- 
tion 31 «,_ 6 joining the end portions of the continuous con- 
ductor wires 32 extending outward from Address 1 and 
Address 6 of the same slot pair is arranged so as to sur- 
round the first and second near- address joint portions 
31 2 . 3 and 31^.5 that are lined up in the radial direction. 
Six sets of the three types of joint portions 31 2 . 3 , 31 4 . 5: 
and 31 v6 constructed in this manner are arranged at a 
pitch of one slot in a circumferential direction. 
[0040] Moreover, a front-end coil end group 1 6f is also 
constructed similarly. 

[0041] Here, each of the continuous conductor wires 
32 constituting the first to sixth winding sub-portions 34 
to 39 is installed in a wave winding so as to extend out- 
ward from any given slot 15a at an end surface of the 
stator core 15, fold over, and enter a slot 15a six slots 
away. Each of the continuous conductor wires 32 is in- 
stalled in every sixth slot so as to alternately occupy an 
inner layer and an outer layer in a slot depth direction 
(a radial direction). 

[0042] The turn portions 32a of the continuous con- 
ductor wires 32 that extend outward from the end sur- 
faces of the stator core 1 5 and fold over form coil ends. 
Thus, at first and second ends of the stator core 1 5, the 
turn portions 32a, which are formed into a substantially 
uniform shape, are separated from each other in a cir- 
cumferential direction and a radial direction and are ar- 
ranged neatly in a circumferential direction in three lay- 
ers to form the coil end groups 16f and 16r. 
[0043] Next, a construction of a winding assembly 
used in the stator winding 16A of the second conven- 
tional stator 8A will be explained with reference to Fig- 
ures 35A to 37. 

[0044] Figure 35A and 35B are an end elevation and 
a side elevation, respectively, showing a winding as- 
sembly used in the stator winding described in Japa- 
nese Patent Non-Examined Laid-Open No. 11-361286, 
for example. Figure 36 is a perspective showing part of 
a continuous conductorwire constituting the winding as- 
sembly shown in Figures 35A and 35B, and Figure 37 
is a diagram explaining arrangement of continuous con- 
ductor wires constituting the winding assembly shown 
in Figures 35A and 35B. 

[0045] A winding assembly 33 is formed by arranging 
twelve continuous conductor wires 32 composed of a 
copper wire material having a rectangular cross section 
coated with an electrical insulator at a pitch of one slot 
on a plane and folding the twelve continuous conductor 
wires 32 simultaneously. 

[0046] Thus, as shown in Figure 36, each of the con- 
tinuous conductor wires 32 is formed by bending into a 
planar pattern in which straight portions 32b linked by 



turn portions 32a are arranged at a pitch of six slots (6P). 
Adjacent pairs of the straight portions 32b are offset by 
the turn portions 32a by a width (w) of the continuous 
conductor wires 32 in a direction perpendicular to the 
s direction of disposal of the straight portions 32b. Pairs 
of the continuous conductor wires 32 are formed by ar- 
ranging two of the continuous conductor wires 32 
formed in this pattern so as to be offset by a pitch of six 
slots with straight portions 32b stacked as shown in Fig- 
10 ure 37, and the winding assembly 33 shown in Figure 
35 is constructed by arranging six of these pairs so as 
to be offset by a pitch of one slot from each other. 
[0047] Three winding assemblies 33 constructed in 
this manner are stacked radially and installed in the sta- 
15 tor core 1 5 such that each of the pairs of straight portions 
32b are inserted into each of the slots 15a. The stator 
8A, in which is the stator winding 16A is installed in the 
stator core 1 5, is obtained by joining the first and second 
ends of each of the continuous conductor wires 32 of 
the winding assembly 33 based on the connection meth- 
od shown in Figure 31. 

[0048] In the second conventional stator 8A con- 
structed in this manner, because the stator winding 1 6A 
is prepared by mounting to the stator core 1 5 the winding 
assemblies 33 prepared using the continuous conductor 
wires 32, and joining together end portions of the con- 
tinuous conductor wires 32, the number of joints is re- 
duced significantly compared to the first conventional 
stator 8, significantly improving assembly of the stator 
winding 16A. Furthermore, even if the joint portions 
31 2.3, 31 4 _ 5 , and 31 1 _ 6 are softened by welding, reduc- 
tions in the rigidity of the stator winding 16A are sup- 
pressed because the number of joint portions is small. 
Thus, reductions in rigidity of the stator 8A as a whole 
are suppressed, and when the stator 8A is mounted to 
an automotive alternator, increases in magnetic noise 
can be suppressed. 

[0049] In the first stator 8 used in a conventional au- 
tomotive alternator, as described above, the first stator 
winding 16 is prepared by inserting the conductor seg- 
ments 30 formed into the general U shape two at a time 
into each of the slot pairs separated by six slots and join- 
ing together the free end portions 30c of the conductor 
segments 30. In the second stator 8A, the second stator 
winding 16A is prepared by winding a plurality of the 
continuous conductor wires 32 into a wave shape so as 
to alternately occupy an inner layer and an outer layer 
in every sixth slot 1 5a and joining together end portions 
of the continuous conductor wires 32. 
[0050] Now, joining of the free end portions 30c of the 
conductor segments 30 and joining of the end portions 
of the continuous conductor wires 32 are performed by 
TIG welding and are accompanied by increases in re- 
sistance values in the joint portions 31 as a result of con- 
tamination by impurities during joining. Thus, the gen- 
eration of heat in the joint portions 31 is at its greatest 
during energization of the first and second stator wind- 
ings 1 6 and 1 6A. Furthermore, the electrically-insulating 
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coating is removed from the joint portions 31 , making it 
necessary to ensure electrical insulation between the 
brackets 1 and 2 and the joint portions 31 and electrical 
insulation among the joint portions 31 . 
[0051] In the first conventional stator 8, because the 
distant-address joint portions 31^4 and the near-ad- 
dress joint portions 31 2 _ 3 are arranged at a predeter- 
mined pitch in a circumferential direction so as to stack 
up in two layers in an axial direction and constitute the 
rear-end coil end group 1 Br, axial height of the rear-end 
coil end group 16r is raised, and the near-address joint 
portions 31 2 . 3 are covered by the distant-address joint 
portions 31 VAt becoming less likely to be exposed to the 
cooling airflows blown by the fans 5. Thus, some prob- 
lems have been that reductions in the size of the first 
stator 8 are prevented, and cooling of the first stator 
winding 1 6 deteriorates. 

[00521 ,n an automotive alternator mounted with this 
first stator 8, the following problems also arise. 
[0053] First, the automotive alternator increases in 
size with any increase in the size of the first stator 8. It 
is necessary to ensure clearance between the distant- 
address joint portions 31 t _ 4 and the near-address joint 
portions 31 2 . 3 and between the distant-address joint 
portions 31 v4 and the rear bracket 2 in order to ensure 
electrical insulation among the joint portions 31^ and 
31 2 _ 3 and the rear bracket 2, and raising the axial height 
of the coil end group 16r leads to additional increases 
in the size of the automotive alternator. In addition, ven- 
tilation resistance increases, reducing the cooling air- 
flow rate and increasing wind noise. 
[0054] In addition, since the near-address joint por- 
tions 31 2 . 3 are covered by the distant-address joint por- 
tions 31 1-4 and are less likely to be exposed to the cool- 
ing airflows blown by the fans 5, the temperature of the 
near-address joint portions 31 2 . 3 rises, leading to dete- 
rioration of the electrically-insulating coating on the con- 
ductor segments 30, and there is a risk that poor insu- 
lation will arise among the conductor segments 30, and 
that a decline in output will occur. 
[0055] Furthermore, in the connection portion of the 
second conventional stator 8A, because the first near- 
address joint portion 3 1 2 . 3 joining the end portions of the 
continuous conductor wires 32 extending outward from 
Address 2 and Address 3 of the slots 1 5a and the sec- 
ond near-address joint portion 31 4 . 5 joining the end por- 
tions of the continuous conductor wires 32 extending 
outward from Address 4 and Address 5 of the slots 1 5a 
line up in a radial direction, and the distant-address joint 
portion 31^6 joining together the end portions of the 
continuous conductor wires 32 extending outward from 
Address 1 and Address 6 of the slots 1 5a is constructed 
so as to surround an outer circumferential side of the 
first and second near-address joint portions 31 2 . 3 and 
31 4 . 5 that are lined up in the radial direction, the axial 
height of the connection portion is raised, and the first 
and second near-address joint portions 31 2 . 3 and 31^5 
are covered by the distant-address joint portion 31^, 



becoming less likely to be exposed to the cooling air- 
flows blown by the fans 5. Thus, some problems have 
been that reductions in the size of the second stator 8A 
are prevented, and cooling of the second stator winding 
s 16A deteriorates. 

SUMMARY OF THE INVENTION 

[0056] The present invention aims to solve the above 
problems and an object of the present invention is to 
provide a compact stator for a dynamoelectric machine 
having superior cooling by joining conductor wires ex- 
tending outward from a slot pair separated by a prede- 
termined number of slots, such that end portions of con- 
ductor wires extending outward from addresses of the 
slot pair separated by three or more addresses are 
joined together (a distant-address joint portion), end 
portions of conductor wires in the slot pair separated by 
two or less addresses are joined together (a near-ad- 
dress joint portion), and the distant-address joint portion 
is offset in a circumferential direction relative to the near- 
address joint portion, to lower an axial height of a coil 
end group and eliminate coverage of the near-address 
joint portion by the distant-address joint portion. 
[0057] In order to achieve the above object, according 
to one aspect of the present invention, there is provided 
a stator for an automotive alternator including: 

an annular stator core in which a plurality of slots 
extending axially are disposed in a circumferential 
direction; and 

a stator winding installed in the slots, the stator 
winding being provided with a plurality of winding 
sub-portions, each of the winding sub-portions in- 
cluding: 

slot-housed portions housed in housing posi- 
tions from Address 1 to Address m (m § 4) lined 
up in one row from an inner circumferential side 
to an outer circumferential side in each of the 
slots; and 

coil ends in which the slot-housed portions 
housed in different addresses in the slots in 
each slot pair separated by a predetermined 
number of slots are connected in series outside 
the slots, the coil ends including: 

distant-address joint portions in which the 
slot-housed portions housed in addresses 
separated by three or more addresses in 
the slots in the each slot pair are joined to- 
gether outside the slots; and 
near-address joint portions in which the 
slot-housed portions housed in addresses 
separated by two or less addresses in the 
slots in the each slot pair are joined togeth- 
er outside the slots, 

wherein the distant-address joint por- 
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tions are disposed so as to be separated 
in a circumferential direction relative to the 
near-address joint portions. 

[0058] Each of the winding sub-portions may be con- 
structed by inserting a plurality of conductor segments 
into different addresses in the slots in the each slot pair, 
the conductor segments each being formed into a U 
shape, and joining together free end portions of different 
conductor segments among the conductor segments 
extending outward from the slots from different address- 
es in the slots in the each slot pair, 

joint portions joining together the free end portions 
of the conductor segments being constituted by the dis- 
tant-address joint portions and the near-address joint 
portions. 

[0059] The joint portions joining together the free end 
portions of the conductor segments may be arranged in 
a circumferential direction at a first end of the stator 
core. 

[0060] Each of the winding sub-portions may each be 
constructed by installing one continuous conductor wire 
so as to occupy different addresses in the slots at inter- 
vals of the predetermined number of slots, 
the coil ends being constituted by: 

turn portions of the continuous conductor wires in 
which different slot- housed portions among the slot- 
housed portions in the slots in the each slot pair are 
linked outside the slots; and 
joint portions joining together end portions of the 
continuous conductor wires in which different slot- 
housed portions among the slot-housed portions in 
the slots in the each slot pair are linked outside the 
slots, 

the joint portions joining together the end portions 
of the continuous conductor wires being constituted 
by the distant-address joint portions and the near- 
address joint portions. 

[0061] The plurality of winding sub-portions may be 
constructed by installing winding assemblies in the sta- 
tor core so as to be stacked in two or more layers in a 
slot depth direction, the winding assemblies each being 
formed by simultaneously folding a plurality of the con- 
tinuous conductor wires, and 

wherein each of the winding assemblies is con- 
structed by arranging continuous conductor wire pairs 
equivalent in number to the predetermined number of 
slots so as to be offset by a pitch of one slot from each 
other, each of the continuous conductor wire pairs being 
composed of two of the continuous conductor wires ar- 
ranged so as to be offset from each other by a pitch 
equivalent to the predetermined number of slots and so 
as to stack the slot-housed portions stacked in the slot 
depth direction, and the two continuous conductor wires 
each being formed into a pattern in which the slot- 
housed portions are arranged at a pitch equivalent to 



the predetermined number of slots and adjacent pairs 
of the slot-housed portions linked by the turn portions 
are offset so as to alternately occupy different address- 
es in the slots. 

5 [0062] The near-address joint portions may be ar- 
ranged in a circumferential direction so as to have a uni- 
form axial height, and each of the distant-address joint 
portions may be disposed between circumferentially- 
adjacent pairs of the near-address joint portions at the 
same axial height as the near-address joint portions. 
[0063] The near-address joint portions may be ar- 
ranged in a circumferential direction so as to have a uni- 
form axial height, and the distant-address joint portions 
may be arranged in a circumferential direction at the 
same axial height as the near-address joint portions at 
a first circumferential end of a group of the near-address 
joint portions arranged in the circumferential direction. 
[0064] The near-address joint portions may be ar- 
ranged in a circumferential direction so as to have a uni- 
form axial height, and the distant-address joint portions 
may be arranged in a circumferential direction at the 
same axial height as the near-address joint portions at 
first and second circumferential ends of a group of the 
near-address joint portions arranged in the circumferen- 
tial direction. 

[0065] The near-address joint portions may be ar- 
ranged in at least one row in a circumferential direction, 
radial positions of the distant-address joint portions 
aligning with at least one row of the near-address joint 
portions arranged in the circumferential direction. 
[0066] The distant-address joint portion may be 
formed by directly joining together extending portions of 
the slot-housed portions. 

[0067] The distant-address joint portion may be 
formed by joining together extending portions of the slot- 
housed portions by means of a metal connection por- 
tion. 

[0066] An electrically-insulating material maybe inter- 
posed in at least one position selected from a group in- 
cluding a position between the distant-address joint por- 
tion and the near-address joint portion, a position be- 
tween two of the distant-address joint portions, and a 
position between two of the near-address joint portions. 



[0069] Other features, objects and advantages of the 
present invention will become apparent from the follow- 
ing description of preferred embodiments with reference 
50 to the drawings in which like reference characters des- 
ignate like or corresponding parts throughout several 
views, and in which: 

Figure 1 is a longitudinal section showing an auto- 
55 motive alternator mounted with a stator according 
to Embodiment 1 of the present invention; 
Figure 2 is a rear end elevation schematicalry show- 
ing a first winding phase portion of a stator winding 
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in the stator of the automotive alternator according 
to Embodiment 1 of the present invention; 
Figure 3 is a diagram schematically showing a rear- 
end portion of the stator in the automotive alternator 
mounted with the stator according to Embodiment 5 

1 of the present invention viewed from a circumfer- 
ential direction; 

Figure 4 is a side elevation showing the rear-end 
portion of the stator of the automotive alternator ac- 
cording to Embodiment 1 of the present invention io 
viewed from radially outside; 
Figure 5 is an end elevation showing the rear-end 
portion of the stator of the automotive alternator ac- 
cording to Embodiment 1 of the present invention 
viewed from axially outside; is 
Figure 6 is a longitudinal section showing an auto- 
motive alternator mounted with a stator according 
to Embodiment 2 of the present invention; 
Figure 7 is a rear end elevation schematically show- 
ing a first winding phase portion of a stator winding 20 
in the stator of the automotive alternator according 
to Embodiment 2 of the present invention; 
Figure 8 is a diagram schematically showing a rear- 
end portion of the stator in the automotive alternator 
mounted with the stator according to Embodiment 25 

2 of the present invention viewed from a circumfer- 
ential direction; 

Figure 9 is a side elevation showing the rear-end 
portion of the stator of the automotive alternator ac- 
cording to Embodiment 2 of the present invention 30 
viewed from radially outside; 
Figure 1 0 is an end elevation showing the rear-end 
portion of the stator of the automotive alternator ac- 
cording to Embodiment 2 of the present invention 
viewed from axially outside; 35 
Figure 11 is a rear end elevation explaining a rela- 
tionship between a joining construction of connec- 
tion portions and a joining construction of rectifier 
joint portions in the stator winding of the stator of 
the automotive alternator according to Embodiment *o 
2 of the present invention; 
Figure 12 is an end elevation showing the rear-end 
portion of the stator of the automotive alternator ac- 
cording to Embodiment 3 of the present invention 
viewed from axially outside; 45 
Figure 13 is a diagram schematically showing a 
rear-end portion of the stator in the automotive al- 
ternator mounted with the stator according to Em- 
bodiment 4 of the present invention viewed from a 
circumferential direction; so 
Figure 14 is a side elevation showing the rear-end 
portion of the stator of the automotive alternator ac- 
cording to Embodiment 4 of the present invention 
viewed from radially outside; 

Figure 15 is an end elevation showing the rear-end 55 
portion of the stator of the automotive alternator ac- 
cording to Embodiment 4 of the present invention 
viewed from axially outside; 



Figure 16 is a diagram schematically showing a 
rear-end portion of the stator in the automotive al- 
ternator mounted with the stator according to Em- 
bodiment 5 of the present invention viewed from a 
circumferential direction; 

Figure 17 is a side elevation showing the rear-end 
portion of the stator of the automotive alternator ac- 
cording to Embodiment 5 of the present invention 
viewed from radially outside; 
Figure 1 8 is an end elevation showing the rear-end 
portion of the stator of the automotive alternator ac- 
cording to Embodiment 5 of the present invention 
viewed from axially outside; 
Figure 19 is a diagram schematically showing a 
rear-end portion of the stator in the automotive al- 
ternator mounted with the stator according to Em- 
bodiment 6 of the present invention viewed from a 
circumferential direction; 

Figure 20 is a side elevation showing the rear-end 
portion of the stator of the automotive alternator ac- 
cording to Embodiment 6 of the present invention 
viewed from radially outside; 
Figure 21 is an end elevation showing the rear-end 
portion of the stator of the automotive alternator ac- 
cording to Embodiment 6 of the present invention 
viewed from axially outside; 
Figure 22 is a diagram schematically showing a 
rear-end portion of the stator of the automotive al- 
ternator according to Embodiment 7 of the present 
invention viewed from a circumferential direction; 
Figure 23 is a side elevation showing the rear-end 
portion of the stator of the automotive alternator ac- 
cording to Embodiment 8 of the present invention 
viewed from axially outside; 
Figure 24 is a longitudinal section showing a first 
conventional automotive alternator; 
Figure 25 is a perspective showing a conductor seg- 
ment used in a stator winding of a stator mounted 
to the first conventional automotive alternator; 
Figure 26 is a rear end elevation schematically 
showing a first winding phase portion of the stator 
winding of the stator mounted to the first conven- 
tional automotive alternator; 
Figure 27 is a diagram schematically showing a 
rear-end portion of the stator in the first convention- 
al automotive alternator viewed from a circumferen- 
tial direction; 

Figure 28 is a side elevation showing the rear-end 
portion of the stator mounted to the first convention- 
al automotive alternator viewed from radially out- 
side; 

Figure 29 is an end elevation showing the rear-end 
portion of the stator mounted to the first convention- 
al automotive alternator viewed from axially out- 
side; 

Figure 30 is a longitudinal section showing a second 

conventional automotive alternator; 

Figure 31 is a rear end elevation schematically 
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showing a first winding phase portion of a stator 
winding of a stator mounted to the second conven- 
tional automotive alternator; 
Figure 32 is a diagram schematically showing a 
rear-end portion of the stator in the second conven- 
tional automotive alternator viewed from a circum- 
ferential direction; 

Figure 33 is a side elevation showing the rear-end 
portion of the stator mounted to the second conven- 
tional automotive alternator viewed from radially 
outside; 

Figure 34 is an end elevation showing the rear-end 
portion of the stator mounted to the second conven- 
tional automotive alternator viewed from axially out- 
side; 

Figure 35A is an end elevation showing a winding 
assembly used in the second conventional stator 
winding; 

Figure 35B is a side elevation showing the winding 
assembly used in the second conventional stator 
winding; 

Figure 36 is a perspective showing part of a contin- 
uous conductor wire constituting the winding as- 
sembly shown in Figures 35A and 35B; and 
Figure 37 is a diagram explaining arrangement of 
continuous conductor wires constituting the winding 
assembly shown in Figures 35A and 35B. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0070] The preferred embodiments of the present in- 
vention will now be explained with reference to the draw- 
ings. 

Embodiment 1 

[0071] Figure 1 is a longitudinal section showing an 
automotive alternator mounted with a stator according 
to Embodiment 1 of the present invention. Figure 2 is a 
rear end elevation schematically showing a first winding 
phase portion of a stator winding in the stator of the au- 
tomotive alternator according to Embodiment 1 of the 
present invention. In Figure 2, solid lines indicate rear- 
end wiring, broken lines indicate front-end wiring, and 
black circles indicate joint portions. Figure 3 is a diagram 
schematically showing a rear-end portion of the stator 
in the automotive alternator mounted with the stator ac- 
cording to Embodiment 1 of the present invention 
viewed from a circumferential direction, Figure 4 is a 
side elevation showing the rear-end portion of the stator 
of the automotive alternator according to Embodiment 
1 of the present invention viewed from radially outside, 
and Figure 5 is an end elevation showing the rear-end 
portion of the stator of the automotive alternator accord- 
ing to Embodiment 1 of the present invention viewed 
from axially outside. Moreover, in each of the figures, 
portions the same as or corresponding to those in the 



conventional examples shown in Figures 24 to 36 will 
be given the same numbering, and explanation thereof 
will be omitted. In Figure 1 , the shapes of coil ends are 
represented schematically. 
5 [0072] In a stator 80 according to Embodiment 1 , the 
conductor segments 30 and the stator core 15 are used 
in a similar manner to the first conventional stator 8. In 
the stator core 15, slots 15a, which have grooves lying 
in an axial direction, are formed at a ratio of two per 
10 phase per pole. In other words, ninety-six slots 1 5a are 
arranged circumferentially on an inner circumferential 
side of the stator core 1 5, the number of magnetic poles 
in a rotor 7 being sixteen. To facilitate explanation, Slot 
Numbers from 1 to 96 are allocated to each of the slots 
15 15a as shown in Figure 2, and the positions in each of 
the slots 15a in which the conductor segments 30 are 
housed are designated Address 1 , Address 2, Address 
3, and Address 4, respectively, from an inner circumfer- 
ential side. 

[0073] First, a specific construction of a stator winding 
81 in the stator 80 will be explained. 
[0074] The conductor segments 30 are inserted two 
at a time from a front end of the stator core 1 5 into slot 
pairs separated by six slots (slot pairs including Slot 
Numbers n and (n+6)). Here, in each of the slot pairs, a 
first conductor segment 30 is inserted into Address 1 in 
slot 15a Number n and into Address 2 in slot 15a 
Number (n+6) and a second conductor segment 30 is 
inserted into Address 3 in slot 15a Number n and into 
Address 4 in slot 1 5a Number (n+6), The free end por- 
tions of the conductor segments 30 extending outward 
at the rear end from Address 1 and Address 2 of each 
of the slot pairs are bent in a clockwise direction in Fig- 
ure 2, and the free end portions of the conductor seg- 
ments 30 extending outward at the rear end from Ad- 
dress 3 and Address 4 of each of the slot pairs are bent 
in a counterclockwise direction in Figure 2. Here, four 
straight portions 30a functioning as slot-housed portions 
are housed in each of the slots 15a so as to line up in 
one row in a radial direction. 

[0075] Next, the free end portions 30c of the conduc- 
tor segments 30 extending outward at the rear end from 
Address 1 in slot 15a Number n and the free end por- 
tions 30c of the conductor segments 30 extending out- 
ward at the rear end from Address 4 in slot 15a Number 
(n+6) are stacked in a radial direction and joined by 
welding, etc. Similarly, the free end portions 30c of the 
conductor segments 30 extending outward at the rear 
end from Address 2 in slot 15a Number n and the free 
end portions 30c of the conductor segments 30 extend- 
ing outward at the rear end from Address 3 in slot 15a 
Number (n+6) are stacked in a radial direction and 
joined by welding, etc., so as to be offset in a circumfer- 
ential direction relative to a joint portion 31 joining the 
free end portions 30c of the conductor segments 30 ex- 
tending outward at the rear end from Address 1 and Ad- 
dress 4. Thus, two two-turn lap windings 29 each func- 
tioning as a winding sub-portion are formed, the lap 
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windings being wound into every sixth slot 15a. 
[0076] Next, the free end portion 30c of the conductor 
segment 30 extending at the rear end from Address 2 
of slot 15a Number 91 and the free end portion 30c of 
conductor segment 30 extending at the rear end from 5 
Address 4 of slot 15a Number 1 are joined. Thus, as 
shown in Figure 2, a first four-turn winding phase portion 
1 61 is prepared by connecting two two-turn lap windings 
29 in series. The free end portion 30c of the conductor 
segment 30 extending outward at the rear end from Ad- 10 
dress 1 of slot 15a Number 91 becomes an output wire 
(O) of the first winding phase portion 1 61 , and the free 
end portion 30c of the conductor segment 30 extending 
outward at the rear end from Address 3 of slot 15a 
Number 1 becomes a neutral-point lead wire (N) of the 
first winding phase portion 161 . 
[0077] Here, only the first winding phase portion 1 61 , 
which is installed in a first slot group including Slot Num- 
bers 1 , 7, etc., through 91 , is shown in Figure 2, but sec- 
ond to sixth winding phase portions 1 61 are similarly in- 20 
stalled in a second slot group including Slot Numbers 2, 
8, etc., through 92, a third slot group including Slot Num- 
bers 3, 9, etc., through 93, a fourth slot group including 
Slot Numbers 4, 10, etc., through 94, a fifth slot group 
including Slot Numbers 5, 11, etc., through 95, and a 25 
sixth slot group including Slot Numbers 6, 12, etc., 
through 96, respectively. 

[0078] A first three-phase alternating-current winding 
is prepared by connecting together each of the neutral- 
point lead wires (N) of the first, third, and fifth winding 30 
phase portions 1 61 installed in the first slot group includ- 
ing Slot Numbers 1, 7, etc., through 91, the third slot 
group including Slot Numbers 3, 9, etc., through 93, and 
the fifth slot group including Slot Numbers 5, 11, etc., 
through 95, respectively, to form the first, third, and fifth 35 
winding phase portions 161 into a Y connection (an al- 
ternating-current connection). Similarly, a second three- 
phase alternating-current winding is prepared by con- 
necting together each of the neutral-point lead wires (N) 
of the second, fourth, and sixth winding phase portions 40 
161 installed in the second slot group including Slot 
Numbers 2, 8, etc., through 92, the fourth slot group in- 
cluding Slot Numbers 4, 10, etc., through 94, and the 
sixth slot group including Slot Numbers 6, 12, etc., 
through 96, respectively, to form the second, fourth, and 45 
sixth winding phase portions 161 into a Y connection 
(an alternating-current connection). The stator winding 
81 , which is composed of the first and second three- 
phase alternating-current windings constructed in this 
manner, is installed in the stator core 15 to obtain the so 
stator 80. 

[0079] Here, at the rear end of the stator core 15, as 
shown in Figures 3 to 5, distant-address joint portions 
31 1-4 joining the free end portions 30c of the conductor 
segments 30 extending outward at the rear end from Ad- ss 
dress 1 and Address 4 in each of the slot pairs and near- 
address joint portions 31 2-3 joining the free end portions 
30c of the conductor segments 30 extending outward at 



the rear end from Address 2 and Address 3 in each of 
the slot pairs are arranged in one row in a circumferential 
direction so as to be separated from each other at the 
same axial height, constituting a rear-end coil end group 
81 r. Moreover, the distant-address joint portions 31 V4 
and the near-address joint portions 31 2 . 3 constitute 
rear-end coil ends. 

[0080] Similarly, at the front end of stator core 15, turn 
portions 30b of the conductor segments 30 extending 
outward at the front end from Address 1 and Address 2 
in each of the slot pairs and tu rn portions 30b of the con- 
ductor segments 30 extending outward at the front end 
from Address 3 and Address 4 in each of the slot pairs 
are arranged in two rows in a circumferential direction 
so as to form single rows in a radial direction at the same 
axial height, constituting a front-end coil end group 81 f. 
Moreover, the turn portions 30b constitute front-end coil 
ends. 

[0081 ] As shown in Figure 1 , the stator 80 constructed 
in this manner is mounted to an automotive alternator 
so as to be held between a front bracket 1 and a rear 
bracket 2 such that a uniform air gap is formed between 
outer circumferential surfaces of first and second claw- 
shaped magnetic poles 22 and 23 and an inner circum- 
ferential surface of the stator core 15, output wires (O) 
from the stator winding 81 being connected to rectifiers 
12. 

[0082] According to Embodiment 1, the distant-ad- 
dress joint portions 31 V4 and the near-address joint por- 
tions 31 2 .3 are arranged in a circumferential direction to 
form one row so as to be separated from each other in 
a circumferential direction at the same axial height and 
constitute the rear-end coil end group 81 r, and the turn 
portions 30b are arranged in a circumferential direction 
to form two rows so as to be separated from each other 
in a circumferential direction and a radial direction at the 
same axial height and constitute the front-end coil end 
group 81 f. 

[0083] Thus, the axial height of the rear-end coil end 
group 81 r is lower than the rear-end coil end group 1 6r 
in the first conventional stator 8, enabling reductions in 
the size of the stator 80. Hence, clearance between the 
joint portions 31 1 A and 31 2 . 3 and the rear bracket 2 can 
be ensured, enabling a compact automotive alternator 
having superior electrical insulation to be achieved. 
[0084] Furthermore, because the axial height of the 
front-end coil-end group 81 f is lower, ventilation resist- 
ance is reduced, leading to increases in the cooling air- 
flow rate, thereby improving cooling and enabling reduc- 
tions in wind noise. 

[0085] Because the distant-address joint portions 
31^4 and the near-address joint portions 31 2.3 are ar- 
ranged in a circumferential direction to form one row and 
be spaced in a circumferential direction, that is to say, 
because each of the joint portions 31 ^ and 31 2 . 3 are 
arranged so as to be exposed when viewed from radially 
inside, the joint portions 31 V4 and 31 2 - 3) which are the 
portions generating the most heat in the stator winding 



12 



21 



EP 1 248 350 A2 



22 



81 , are all exposed to the cooling airflows blown by the 
fans 5 from the Inner circumferential side, and heat gen- 
erated in the joint portions 31 ^ and 31 2 . 3 is effectively 
dissipated to the cooling airflows, suppressing temper- 
ature increases in the joint portions 31 1-4 and 31 2 . 3 . 
Thus, deterioration of the electrically-insulating coating 
of the conductor segments 30 resulting from tempera- 
ture increases in the joint portions 31 ^ and 31 2 . 3 is sup- 
pressed, providing superior electrical insulation and 
suppressing decreases in output resulting from temper- 
ature increases in the stator 80. 
[0086] Because the distant-address joint portions 
31^4 and the near-address joint portions 31 2 -3 are ar- 
ranged evenly in a circumferential direction to constitute 
the rear-end coil end group 81 r, ventilation balance in 
the circumferential direction improves, making the tem- 
perature of the rear-end coil end group 81 r uniform rel- 
ative to a circumferential direction. Similarly, because 
the turn portions 30b are arranged in a circumferential 
direction to constitute the front-end coil end group 81f, 
ventilation balance in the circumferential direction im- 
proves, making the temperature of the front-end coil end 
group 81 f uniform relative to the circumferential direc- 
tion. 

[0087] Because the conductor segments 30 are in- 
serted into the slots 15a of the stator core 15 from the 
front end, the joint portions joining the free end portions 
30c of the conductor segments 30 are only at the rear 
end of the stator core 15, simplifying the joining process. 
[0088] Because the free end portions 30c of the con- 
ductor segments 30 are joined directly, separate mem- 
bers for joining are no longer necessary, enabling ma- 
terial costs to be reduced. 

[0089] Moreover, in Embodiment 1 above, the con- 
ductor segments 30 are inserted into the slot pairs of the 
stator core 1 5 from the front end, but the conductor seg- 
ments 30 may also be inserted into the slot pairs of the 
stator core 15 from the rear end. In that case, because 
the distant-address joint portions 31 v4 and the near-ad- 
dress joint portions 31 2 . 3 are prepared by welding end 
portions of the conductor segments 30, the axial height 
of the joint portions 31.,. 4 and 31 2 . 3 is higher than that 
of the turn portions 30b and the axial height of the rear- 
end coil end group constituted by the turn portions 30b 
is lower than the axial height of the front-end coil end 
group constituted by the joint portions 31 t . 4 and 31 2 . 3 . 
Thus, ventilation resistance against the cooling airflow 
at the rear end which is mounted with the rectifiers 12 
and a regulator 18 which are heat-generating parts is 
reduced, enabling the rear-end cooling airflow rate to be 
increased. As a result, heat from the rectifiers 12 and 
the regulator 18 is dissipated effectively, suppressing 
temperature increases in the rectifiers 12 and the regu- 
lator 18. 

Embodiment 2 

[0090] Figure 6 is a longitudinal section showing an 



automotive alternator mounted with a stator according 
to Embodiment 2 of the present invention. Figure 7 is a 
rear end elevation schematically showing a first winding 
phase portion of a stator winding in the stator of the au- 
5 tomotive alternator according to Embodiment 2 of the 
present invention. In Figure 7, solid lines indicate rear- 
end wiring, broken lines indicate front-end wiring, and 
black circles indicate joint portions. Figure 8 is a diagram 
schematically showing a rear-end portion of the stator 
10 in the automotive alternator mounted with the stator ac- 
cording to Embodiment 2 of the present invention 
viewed from a circumferential direction, Figure 9 is a 
side elevation showing the rear-end portion of the stator 
of the automotive alternator according to Embodiment 
15 2 of the present invention viewed from radially outside, 
and Figure 1 0 is an end elevation showing the rear-end 
portion of the stator of the automotive alternator accord- 
ing to Embodiment 2 of the present invention viewed 
from axial ly outside. Moreover, in Figure 6, the shapes 
of coil ends are represented schematically. 
[0091] A stator 80A according to Embodiment 2 is 
constructed in a similar manner to the second conven- 
tional stator 8A by radially stacking and installing three 
winding assemblies 33 in the statorcore 1 5. In the stator 
core 15, slots 15a, which have grooves lying in an axial 
direction, are formed at a ratio of two per phase per pole. 
In other words, ninety-six slots 15a are arranged circum- 
ferentially on an inner circumferential side of the stator 
core 1 5, the number of magnetic poles in a rotor 7 being 
sixteen. To facilitate explanation, Slot Numbers from 1 
to 96 are allocated to each of the slots 15a as shown in 
Figure 7, and the positions in each of the slots 1 5a in 
which the conductor segments 30 are housed are des- 
ignated a first address, a second address, a third ad- 
dress, etc., through a sixth address, respectively, from 
an inner circumferential side. 
[0092] First, a specific construction of a stator winding 
81 A in the stator 80A will be explained. 
[0093] A first winding phase portion 162 is constituted 
by first to sixth winding sub-portions 34 to 39 each com- 
posed of one continuous conductor wire 32. The first 
winding sub-portion 34 is constructed by wave winding 
one continuous conductor wire 32 into every sixth slot 
from Slot Numbers 1 to 91 so as to alternately occupy 
Address 2 and Address 1 in the slots 15a. The second 
winding sub-portion 35 is constructed by wave winding 
a continuous conductor wire 32 into every sixth slot from 
Slot Numbers 1 to 91 so as to alternately occupy Ad- 
dress 1 an d Address 2 in the slots 1 5a, The third winding 
sub-portion 36 is constructed by wave winding a contin- 
uous conductor wire 32 into every sixth slot from Slot 
Numbers 1 to 91 so as to alternately occupy Address 4 
and Address 3 in the slots 15a. The fourth winding sub- 
portion 37 is constructed by wave winding a continuous 
conductor wire 32 into every sixth slot from Slot Num- 
bers 1 to 91 so as to alternately occupy Address 3 and 
Address 4 in the slots 15a. The fifth winding sub-portion 
38 is constructed by wave winding a continuous con- 
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ductorwire 32 into every sixth slot from Slot Numbers 1 
to 91 so as to alternately occupy Address 6 and Address 
5 in the slots 15a. The sixth winding sub-portion 39 is 
constructed by wave winding a continuous conductor 
wire 32 into every sixth slot from Slot Numbers 1 to 91 
so as to alternately occupy Address 5 and Address 6 in 
the slots 15a. In each of the slots 15a, straight portions 
32b of the six continuous conductor wires 32functioning 
as slot-housed portions are arranged so as to line up in 
one row in a radial direction with longitudinal axes of 
their rectangular cross sections aligned radially. 
[0094] At the rear end of the stator core 1 5, a first end 
portion 35a of the second winding sub-portion 35 ex- 
tending outward from Address 1 of Slot Number 1 and 
a second end portion 39b of the sixth winding sub-por- 
tion 39 extending outward from Address 6 of Slot 
Number 91 are joined, a first end portion 37a of the 
fourth winding sub-portion 37 extending outward from 
Address 3 of Slot Number 1 and a second end portion 
35b of the second winding sub-portion 35 extending out- 
ward from Address 2 of Slot Number 91 are joined, and 
a first end portion 39a of the sixth winding sub-portion 
39 extending outward from Address 5 of Slot Number 1 
and a second end portion 37b of the fourth winding sub- 
portion 37 extending outward from Address 4 of Slot 
Number 91 are joined to form a three -turn wave win ding 
in which the second, fourth, and sixth winding sub-por- 
tions 35, 37, and 39 are connected in series. 
[0095] Here, the first near-address joint portion 31 2 _ 3 
joining the first end portion 37a of thefourth winding sub- 
portion 37 and the second end portion 35b of the second 
winding sub-portion 35 and the second near-address 
joint portion 31^ joining the first end portion 39a of the 
sixth winding sub-portion 39 and the second end portion 
37b of the fourth winding sub-portion 37 are lined up in 
one row in a radial direction so as to be separated from 
each other at the same axial height. 
[0096] After extending outward from Address 1 of slot 
1 5a Number 1 , the first end portion 35a of the continu- 
ous conductor wire 32 constituting the second winding 
sub-portion 35 bends and extends for a predetermined 
distance parallel to the end surface of the stator core 1 5 
in a counterclockwise direction in Figure 7, then bends 
axially outward, and in addition bends radially outward. 
After extending outward from Address 6 of slot 15a 
Number 91 , the second end portion 39b of the continu- 
ous conductor wire 32 constituting the sixth winding sub- 
portion 39, bends and extends for a predetermined dis- 
tance parallel to the end surface of the stator core 1 5 in 
a counterclockwise direction in Figure 7, then bends ax- 
ially outward, and in addition bends radially inward. The 
first end portion 35a of the continuous conductor wire 
32 constituting the second winding sub-portion 35 and 
the second end portion 39b of the continuous conductor 
. wire 32 constituting the sixth winding sub-portion 39 are 
joined. Thus, the distant-address joint portion 31 1 _ € join- 
ing the first end portion 35a of the second winding sub- 
portion 35 and the second end portion 39b of the sixth 



winding sub-portion 39 is arranged so as to be offset by 
six slots in a counterclockwise direction in Figure 7 at 
the same axial height as the first and second near-ad- 
dress joint portions 31 2 . 3 and 31^ 5 which line up in a 
5 radial direction. 

[0097] At the front end of the stator core 15, a first end 
portion 34a of the first winding sub-portion 34 extending 
outward from Address 2 of Slot Number 1 and a second 
end portion 36b of the third winding sub-portion 36 ex- 
tending outward from Address 3 of Slot Number 91 are 
joined, a first end portion 36a of the third winding sub- 
portion 36 extending outward from Address 4 of Slot 
Number 1 and a second end portion 38b of the f ifth wind- 
ing sub-portion 38 extending outward from Address 5 of 
Slot Number 91 are joined, and a first end portion 38a 
of the fifth winding sub-portion 38 extending outward 
from Address 6 of Slot Number 1 and a second end por- 
tion 34b of the first winding sub-portion 34 extending 
outward from Address 1 of Slot Number 91 are joined 
to form a three-turn wave winding in which the first, third, 
and fifth winding sub-portions 34, 36, and 38 are con- 
nected in series. 

[0098] Here, the first near-address joint portion 31 2 . 3 
joining the first end portion 34a of the first winding sub- 
portion 34 and the second end portion 36b of the third 
winding sub-portion 36 and the second near-address 
joint portion 31 4.5 joining the first end portion 36a of the 
third winding sub-portion 36 and the second end portion 
38b of the fifth winding sub-portion 38 are lined up in 
one row in a radial direction so as to be separated from 
each other at the same axial height. 
[0099] After extending outward from Address 6 of slot 
15a Number 1 , the first end portion 38a of the continu- 
ous conductor wire 32 constituting the fifth winding sub- 
portion 38 bends and extends for a predetermined dis- 
tance parallel to the end surface of the stator core 15 in 
a clockwise direction in Figure 7, then bends axially out- 
ward, and in addition bends radially inward. After ex- 
tending outward from Address 1 of slot 15a Number 91 , 
the second end portion 34b of the continuous conductor 
wire 32 constituting the first winding sub-portion 34 
bends and extends for a predetermined distance paral- 
lel to the end surface of the stator core 1 5 in a clockwise 
direction in Figure 7, then bends axially outward, and in 
addition bends radially outward. The first end portion 
38a of the continuous conductor wire 32 constituting the 
fifth winding sub-portion 38 and the second end portion 
34b of the continuous conductor wire 32 constituting the 
first winding sub-portion 34 are joined. Thus, the distant- 
address joint portion 31^ joining the first end portion 
38a of the fifth winding sub-portion 38 and the second 
end portion 34b of the first winding sub-portion 34 is ar- 
ranged so as to be offset by six slots in a clockwise di- 
rection in Figure 7 at the same axial height as the first 
and second near-address joint portions 31 2 . 3 and 31 4 . 5 
which line up in a radial direction. 
[0100] A portion of the continuous conductor wire 32 
of the first winding sub-portion 34 extending outward at 
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the rear end of the stator core 15 from Slot Numbers 49 
and 55 is cut, and a portion of the continuous conductor 
wire 32 of the second winding sub-portion 35 extending 
outward at the rear end of the stator core 15 from Slot 
Numbers 55 and 61 is cut. A first cut end 34c of the first 
winding sub-portion 34 and a first cut end 35c of the sec- 
ond winding sub-portion 35 are joined to form a six-turn 
first winding phase portion 1 62 in which the first to sixth 
winding sub-portions 34 to 39 are connected in series. 
[0101] Moreover, a second cut end 34d of the first 
winding sub-portion 34 and a second cut end 35d of the 
second winding sub-portion 35 become an output wire 
(O) and a neutral-point lead wire (N), respectively, of the 
first winding phase portion 162. 
[01 02] Here, only the first winding phase portion 1 62 f 
which is installed in a first slot group including Slot Num- 
bers 1, 7, etc., through 91, is shown in Figure 7, but sec- 
ond to sixth winding phase portions 1 62 are similarly in- 
stalled in a second slot group including Slot Numbers 2, 
8, etc., through 92, athird slot group including Slot Num- 
bers 3, 9, etc., through 93, a fourth slot group including 
Slot Numbers 4, 10, etc., through 94, a fifth slot group 
including Slot Numbers 5, 11, etc., through 95, and a 
sixth slot group including Slot Numbers 6, 12, etc., 
through 96, respectively. 

[0103] A first three-phase alternating-current winding 
is prepared by connecting together each of the neutral- 
point lead wires (N) of the first, third, and fifth winding 
phase portions 1 62 installed in the first slot group includ- 
ing Slot Numbers 1, 7, etc., through 91, the third slot 
group including Slot Numbers 3, 9, etc., through 93, and 
the fifth slot group including Slot Numbers 5, 11, etc., 
through 95, respectively, to form the first, third, and fifth 
winding phase portions 162 into a Y connection (an al- 
ternating-current connection). Similarly, a secondthree- 
phase alternating-current winding is prepared by con- 
necting together each of the neutral-point lead wires (N) 
of the second, fourth, and sixth winding phase portions 
1 62 installed in the second slot group including Slot 
Numbers 2, 8, etc., through 92, the fourth slot group in- 
cluding Slot Numbers 4, 10, etc., through 94, and the 
sixth slot group including Slot Numbers 6, 12, etc., 
through 96, respectively, to form the second, fourth, and 
sixth winding phase portions 162 into a Y connection 
(an alternating-current connection). The stator winding 
81 A, which is composed of the first and second three- 
phase alternating-current windings constructed in this 
manner, is installed in the stator core 15 to obtain the 
stator 80A. 

[0104] The first and second three-phase alternating 
current windings are each connected to separate recti- 
fiers 1 2, and the direct-current outputs from each of the 
rectifiers are connected in parallel and combined. 
[0105] In the stator 80 A constructed in this manner, 
as shown in Figures 8 to 10, turn portions 32a of the 
continuous conductor wires 32 are arranged at a pitch 
of one slot so as to line up in single rows separated by 
a predetermined distance from each other in a radial di- 



rection and to form three rows in a circumferential direc- 
tion, constituting a rear-end coil end group 81 r. 
[0106] In a connection portion of the continuous con- 
ductor wires 32 in the rear-end coil end group 81 r (a 
5 portion where the end portions of the continuous con- 
ductor wires 32 are joined together), six pairs of first and 
second near-address joint portions each including a first 
near-address joint portion 31 2 _ 3 joining the end portions 
of the continuous conductor wires 32 extending outward 
10 from Address 2 and Address 3 of slot pairs separated 
by six slots and a second near-address joint portion 
31^ 5 joining the end portions of the continuous conduc- 
tor wires 32 extending outward from Address 4 and Ad- 
dress 5 of the same slot pair are arranged at a pitch of 
f5 one slot so as to form two rows in a circumferential di- 
rection and line up in single rows in a radial direction so 
as to be separated from each other at the same axial 
height. Following the six pairs of first and second near- 
address joint portions 31 2 _ 3 and 31^, six distant-ad- 
20 dress joint portions 31 joining end portions of thecon- 
tinuous conductor wires 32 extending outward from Ad- 
dress 1 and Address 6 of slot pairs separated by six slots 
are arranged at a pitch of one slot in one row in a cir- 
cumferential direction at the same axial height as the 
25 first and second near-address joint portions 31 2 . 3 and 
31± 5 . In other words, the end portions of the continuous 
conductor wires 32 extending outward from Address 1 
and Address 6 of slot pairs separated by six slots extend 
outward from the slots 15a, then pass along an inner 
30 circumferential side and an outer circumferential side of 
the six pairs of first and second near-address joint por- 
tions 31 2 -3 and 31 4 . 6 , lead around in a circumferential 
direction parallel to the end surface of the stator core 15 
until they are above the turn portions 32a, bend axially 
3s outward above the turn portions 32a, in addition bend 
in a radial direction, and are joined to each other. Por- 
tions of the six continuous conductor wires 32 leading 
around the inner circumferential side of the six pairs of 
first and second near-address joint portions 31 2 .3 and 
40 314.5 are offset from each other by a thickness of the 
continuous conductor wires 32 in an axial direction and 
are stacked in the axial direction. Similarly, portions of 
the six continuous conductor wires 32 leading around 
the outer circumferential side of the six pairs of first and 
45 second near-address joint portions 31 2-3 and 31 4.5 are 
offset from each other by a thickness of the continuous 
conductor wires 32 in an axial direction and are stacked 
in the axial direction. Here, the turn portions 32a and 
each of the three types of joint portions 31 2.3, 31^5, and 
50 31 1-6 constitute coil ends. 

[0107] Moreover, the front-end coil end group 81f is 
constructed similarly. 

[0108] Here, each of the continuous conductor wires 
32 constituting the first to sixth winding sub-portions 34 
55 to 39 is installed in a wave winding so as to extend out- 
ward from any given slot 15a at an end surface of the 
stator core 15, fold over, and enter a slot 15a six slots 
away. Each of the continuous conductor wires 32 is in- 
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stalled in every sixth slot so as to alternately occupy an 
inner layer and an outer layer in a slot depth direction 
(a radial direction). 

[0109] As shown in Figure 6, the stator 80A is mount- 
ed to an automotive alternator so as to be held between 5 
a front bracket 1 and a rear bracket 2 such that a uniform 
air gap is formed between outer circumferential surfaces 
of first and second claw-shaped magnetic poles 22 and 
23 and an innercircumferential surface of thestatorcore 
15, output wires (O) from the stator winding 81 A being 10 
connected to the rectifiers 12. 
[0110] According to Embodiment 2, in the connection 
portion of the stator winding 81 A, because the distant- 
address joint portions 31^ joining end portions of the 
continuous conductor wires 32 extending outward from is 
Address 1 and Address 6 of slot pairs separated by six 
slots are offset in a first circumferential direction relative 
to the first near-address joint portions 31 2 . 3 joining the 
end portions of the continuous conductor wires 32 ex- 
tending outward from Address 2 and Address 3 and the 20 
second near-address joint portions 31 4.5 joining the end 
portions of the continuous conductor wires 32 extending 
outward from Address 4 and Address 5, the axial heights 
of the connection portions of the front-end and rear-end 
coil end groups 81 f and 81 r are lower, and the first near- 25 
address joint portions 31 2.3 joining the end portions of 
the continuous conductor wires 32 extending outward 
from Address 2 and Address 3 and the second near- 
address joint portions 31 ^ 5 joining the end portions of 
the continuous conductor wires 32 extending outward 30 
from Address 4 and Address 5 are exposed to the cool- 
ing airflows from the fans 5. 

[0111] Consequently, thestator 80A accordingto Em- 
bodiment 2 enables reductions in size, suppresses tem- 
perature increases in the joint portions 31 , and enables 35 
improvements in electrical insulation compared to the 
second conventional stator 8A. 
[01 1 2] Because the axial heights of the front-end and 
rear-end coil end groups 81f and 81 r are lower, ventila- 
tion resistance is reduced, leading to increases in the 40 
cooling airflow rate, thereby improving cooling and en- 
abling reductions in wind noise. 
[0113] In Embodiment 2, because the stator winding 
81 A is constituted by the winding assemblies 33, which 
are prepared using the continuous conductor wires 32, 
the number of joint portions is significantly reduced com- 
pared to Embodiment 1 above, in which the conductor 
segments 30 were used, greatly improving the joining 
operation. 

[0114] Because the distant-address joint portions so 
31 pass along the inner circumferential side and the 
outer circumferential side of the first and second near- 
address joint portions 31 2 . 3 and 31^, lead around until 
they are above the turn portions 32a, and are joined so 
as to make use of available space above the turn por- 55 
tions 32a, the operation of joining the distant-address 
joint portions 31^6 is simplified. 
[0115] Here, a connection construction in the connec- 



tion portions of the stator winding 81 A will be explained. 
[01 16] In Embodiment 2 above, in the connection por- 
tions of the stator winding 81 A, the end portions of the 
continuous conductor wires 32 extending outward from 
Address 1 and Address 6 are joined together, the end 
portions of the continuous conductor wires 32 extending 
outward from Address 2 and Address 3 are joined to- 
gether, and in addition the end portions of the continu- 
ous conductor wires 32 extending outward from Ad- 
dress 4 and Address 5 are joined together. By adopting 
this connection construction, a first three-turn winding 
in which the first, third, and fifth winding sub-portions 34, 
36, and 38 are connected in series and a second three- 
turn winding in which the second, fourth, and sixth wind- 
ing sub-portions 35, 37, and 39 are connected in series 
are constructed. Thus, in rectifier joint portions of the 
stator winding 81 A (portions in which the stator winding 
81 A is joined to the rectifiers), as shown in Figure 7, 
there is one joint portion linking the first and second 
three-turn windings per winding phase portion, enabling 
reductions in the number of joint portions. 
[0117] On the other hand, in the connection portions 
of a stator winding with the connection construction in 
which the end portions of the continuous conductor 
wires extending outward from adjacent addresses of the 
slot pairs are joined together, single-turn first to sixth 
winding sub-portions 34 to 39 are constructed. Thus, in 
the rectifier connection portions of the stator winding, as 
shown in Figure 11, there are five joint portions linking 
the single-turn first to sixth winding sub-portions 34 to 
39 per winding phase portion. 

[01 18] Hence, in the connection portions of the stator 
winding, by adopting a connection construction in which 
end portions of the continuous conductor wires 32 ex- 
tending outward from Address m 1 and Address m 2 of a 
slot pair (m 2 ^ m 1 + 3) are joined together, and end por- 
tions of the continuous conductor wires 32 extending 
outward from other addresses of the slot pair are joined 
together with the end portions of the continuous conduc- 
tor wires extending outward from near addresses, the 
number of joint portions in the rectifier connection por- 
tions of the stator winding is reduced because the wave 
windings installed in the slots from Address m t to Ad- 
dress m 2 are connected in series. When the end portion 
of the continuous conductor wire extending outward 
from the innermost circumferential layer of the slot pair 
and the end portion of the continuous conductor wire 
extending outward from the outermost circumferential 
layer are joined together, if the joining operation is taken 
into consideration, a connection construction joining to- 
gether the winding ends in the innermost circumferential 
layer and the outermost circumferential layer of the slot 
pair is the most effective because there is only one joint 
portion in the rectifier connection portions of the stator 
winding. 

[01 19] Moreover, the joint portion joining the end por- 
tions of the conductor wires extending outward from Ad- 
dress m 1 and Address rr^ of the slot pair (m 2 ^ m 1 + 3) 
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is a distant-address joint portion, and the joint portions 
joining the end portions of the conductorwires extending 
outward from Address m 1 and Address m 2 (m-, < m 2 = 
m A + 2) of the slot pair are near-address joint portions. 
The conductor wires may be the conductor segments 

30 or the continuous conductor wires 32. 

Embodiment 3 

[0120] In Embodiments, in a connection portion of the 
rear-end coil end group 81 r, as shown in Figure 12, the 
end portions of the continuous conductor wires 32 ex- 
tending outward from Address 1 and Address 6 are 
joined together, the end portions of the continuous con- 
ductor wires 32 extending outward from Address 3 and 
Address 4 are joined together, and the end portions of 
the continuous conductor wires 32 extending outward 
from Address 2 and Address 5 are joined together. 
[0121] Six near-address joint portions 31 3 . 4 joining 
the end portions of the continuous conductor wires 32 
extending outward from Address 3 and Address 4 are 
arranged at a pitch of one slot in a circumferential direc- 
tion, six first distant-address joint portions 31 1-6 joining 
the end portions of the continuous conductor wires 32 
extending outward from Address 1 and Address 6 are 
arranged at a pitch of one slot in a circumferential direc- 
tion following the six arranged near-address joint por- 
tions 31 3_ 4 so as to be offset by a pitch of six slots in a 
first circumferential direction at the same axial height as 
the near-address joint portions 31^, and six second 
distant-address joint portions 31 2 . 5 joining the end por- 
tions of the continuous conductor wires 32 extending 
outward from Address 2 and Address 5 are arranged at 
a pitch of one slot in a circumferential direction so as to 
be offset by a pitch of 0 .5 slot in a second circumferential 
direction and be positioned between the near-address 
joint portions 31 3 , 4 at the same axial height as the near- 
address joint portions 31 

[0122] A connection portion of the front-end coil end 
group 81 f is also constructed in a similar manner to that 
of the rear end. 

[01 23] Moreover, the rest of this embodiment is con- 
structed in a similar manner to Embodiment 2 above. 
[01 24] According to Embodiment 3, because the first 
and second distant-address joint portions 31 2 _ 5 and 

31 are arranged so as to be offset in first and second 
circumferential directions relative to the near-address 
joint portions 31 3.4, the heights of the coil end groups 
can be lowered in a similar manner to Embodiment 2 
above. 

[0125] Because the first and second distant-address 
joint portions 31 1-6 and 31 2 . 5 and the near-address joint 
portions 31 3 . 4 are arranged so as to be offset from each 
other in a circumferential direction, each of the three 
types of joint portions 31.|. 6 , 31 2 . 5 , and 3I3.4 are ex- 
posed when viewed from a radial direction, further im- 
proving cooling of the stator when mounted to an auto- 
motive alternator. 



[0126] Because the first and second distant-address 
joint portions 31 ^5 and 31 2.5 and the near-address joint 
portions 3I3.4 are arranged in one row in a circumferen- 
tial direction so as to be in the same radial position and 
5 at the same axial height, each of the joint portions can 
be welded in turn by setting the stator core 15 in a weld- 
ing apparatus and rotating the stator core 15 at a pre- 
determined pitch in the first circumferential direction, im- 
proving the welding operation. 

10 

Embodiment 4 

[01 27] Figure 1 3 is a diagram schematically showing 
a rear-end portion of the stator in the automotive alter- 
15 nator mounted with the stator according to Embodiment 
4 of the present invention viewed from a circumferential 
direction, Figure 1 4 is a side elevation showing the rear- 
end portion of the stator of the automotive alternator ac- 
cording to Embodiment 4 of the present invention 
20 viewed from radially outside, and Figure 15 is an end 
elevation showing the rear-end portion of the stator of 
the automotive alternator according to Embodiment 4 of 
the present invention viewed from axially outside. 
[0128] In Figures 13 to 15, in a connection portion of 
25 the continuous conductor wires 32 in a rear-end coil end 
group 81 r (a portion where the end portions of the con- 
tinuous conductor wires 32 are joined together), six 
pairs of near-address joint portions each including a first 
near-address joint portion 31 2 _ 3 joining the end portions 
30 of the continuous conductorwires 32 extending outward 
from Address 2 and Address 3 of slot pairs separated 
by six slots and a second near-address joint portion 
31 4.5 joining the end portions of the continuous conduc- 
tor wires 32 extending outward from Address 4 and Ad- 
35 dress 5 of the same slot pair are arranged at a pitch of 
one slot so as to form two rows in a circumferential di- 
rection and line up in single rows in a radial direction so 
as to be separated from each other at the same axial 
height. Six distant-address joint portions 31^ joining 
40 end portions of the continuous conductor wires 32 ex- 
tending outward from Address 1 and Address 6 of slot 
pairs separated by six slots are arranged in first and sec- 
ond groups of three at a pitch of one slot in one row in 
a circumferential direction at the same axial height as 
45 the six pairs of first and second near-address joint por- 
tions 31 2 . 3 and 31 4 . 5 such that the first and second 
groups of three are disposed at first and second circum- 
ferential ends of the first and second near-address joint 
portions 31 2 . 3 and 31 4 . 5 , respectively. 
so [01 29] In other words, the end portions of the contin- 
uous conductor wires 32 extending outward from Ad- 
dress 1 and Address 6 of slot pairs separated by six slots 
extend outward from the slots 15a, then pass along an 
inner circumferential side and an outer circumferential 
55 side of the six pairs of first and second near-address 
joint portions 31 2 . 3 and 31 4 . 5 , lead around in a circum- 
ferential direction parallel to the end surface of the stator 
core 15 until they are above the turn portions 32a, bend 
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axially outward above the turn portions 32a, in addition 
bend in a radial direction, and are joined to each other. 
Portions of the first and second groups of three contin- 
uous conductor wires 32 leading around the inner cir- 
cumferential side of the six pairs of first and second 
near-address joint portions 31 2 . 3 and 31^ are offset 
from each other by a thickness of the continuous con- 
ductor wires 32 in an axial direction and are stacked in 
the axial direction. Similarly, portions of the first and sec- 
ond groups of three continuous conductor wires 32 lead- 
ing around the outer circumferential side of the six pairs 
of first and second near-address joint portions 31 2 . 3 and 
31 4 _ 5 are offset from each other by a thickness of the 
continuous conductor wires 32 in an axial direction and 
are stacked in the axial direction. 
[0130] Moreover, a front-end coil end group is con- 
structed similarly. 

[0131] The rest of this embodiment is constructed in 
a similar manner to Embodiment 2 above. 
[0132] Consequently, in Embodiment 4, because the 
distant-address joint portions 31 v6 are also arranged so 
as to be offset in circumferential directions relative to the 
six pairs of first and second near-address joint portions 
31 2 . 3 and 31 4.5, the heights of the coil end groups can 
be lowered and the six pairs of first and second near- 
address joint portions 31 2 _ 3 and 31 4 . 5 are more easily 
exposed to the cooling airflows, in a similar manner to 
Embodiment 2 above. 

[0133] According to Embodiment 4, the distant-ad- 
dress joint portions 31^ joining together the end por- 
tions of the continuous conductor wires 32 in Address 1 
and Address 6 are divided into groups of three at the 
first and second circumferential ends of the six pairs of 
first and second near-address joint portions 31 2 _ 3 and 
31 4 . 5 . Thus, because the amount of lead around of the 
end portions of the continuous conductor wires 32 con- 
stituting the distant-address joint portions 31^6 is re- 
duced, positioning accuracy among the end portions of 
the continuous conductor wires 32 is raised, improving 
the joining reliability of the distant-address joint portions 

31 1-6 

[0134] Because the lead around portions of the con- 
tinuous conductor wires 32 constituting the distant-ad- 
dress joint portions 31 1-6 are only stacked in three levels 
in an axial direction, the axial height of the distant-ad- 
dress joint portions 31 VG can be lowered proportionately 
compared to Embodiment 2 above. Thus, the axial 
heights of the first and second near-address joint por- 
tions 31 2 . 3 and 31 4_ 5 can be lowered to match the dis- 
tant-address joint portions 31 ^e, enabling reductions in 
size. 

Embodiment 5 

[01 35] Figure 1 6 is a diagram schematically showing 
a rear-end portion of the stator in the automotive alter- 
nator mounted with the stator according to Embodiment 
5 of the present invention viewed from a circumferential 



direction, Figure 1 7 is aside elevation showing the rear- 
end portion of the stator of the automotive alternator ac- 
cording to Embodiment 5 of the present invention 
viewed from radially outside, and Figure 18 is an end 
5 elevation showing the rear-end portion of the stator of 
the automotive alternator according to Embodiments of 
the present invention viewed from axially outside. 
[0136] In Figures 16 to 18, in a connection portion of 
the continuous conductor wires 32 in a rear-end coil end 
group 81 r (a portion where the end portions of the con- 
tinuous conductor wires 32 are joined together), six 
pairs of near-address joint portions each including a first 
near-address joint portion 31 2 . 3 joining the end portions 
of the continuous conductor wires 32 extending outward 
from Address 2 and Address 3 of slot pairs separated 
by six slots and a second near-address joint portion 
31 4.5 joining the end portions of the continuous conduc- 
tor wires 32 extending outward from Address 4 and Ad- 
dress 5 of the same slot pair are arranged at a pitch of 
one slot so as to form two rows in a circumferential di- 
rection and line up in single rows in a radial direction so 
as to be separated from each other at the same axial 
height. Six distant-address joint portions 31^ joining 
end portions of the continuous conductor wires 32 ex- 
tending outward from Address 1 and Address 6 of slot 
pairs separated by six slots are arranged in first and sec- 
ond groups of three at a pitch of one slot in one row in 
a circumferential direction such that the first and second 
groups of three are disposed at first and second circum- 
ferential ends of the six pairs of first and second near- 
address joint portions 31 2 _ 3 and 314.5, respectively. In 
addition, in Figure 18, the first group of three distant- 
address joint portions 31^, which is on the right-hand 
side, is arranged in one row in a circumferential direction 
so as to be in the same radial position and at the same 
axial height as the second near-address joint portions 
31 4.5. and the second group of three distant-address 
joint portions 31 U6 , which is on the left-hand side, is ar- 
ranged in one row in a circumferential direction so as to 
be in the same radial position and at the same axial 
height as the first near-address joint portions 31 2 _ 3 . 
[0137] In other words, the end portions of the contin- 
uous conductor wires 32 extending outward from Ad- 
dress 1 and Address 6 of slot pairs separated by six slots 
extend outward from the slots 15a, then pass along an 
inner circumferential side and an outer circumferential 
side of the six pairs of first and second near-address 
joint portions 31 2 . 3 and 31 4 . 5 , lead around in a circum- 
ferential direction parallel to the end surface of the stator 
core 1 5 until they are above the turn portions 32a, bend 
axially outward above the turn portions 32a, in addition 
bend in a radial direction, and are joined to each other. 
Portions of the first and second groups of three contin- 
uous conductor wires 32 leading around the inner cir- 
cumferential side of the six pairs of first and second 
near-address joint portions 31 2 . 3 and 3I4.5 are offset 
from each other by a thickness of the continuous con- 
ductor wires 32 in an axial direction and are stacked in 
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the axial direction. Similarly, portions of the first and sec- 
ond groups of three contin uous conductor wires 32 lead- 
ing around the outer circumferential side of the six pairs 
of first and second near-address joint portions 31 2 _ 3 and 
31 4 . 5 are offset from each other by a thickness of the 
continuous conductor wires 32 in an axial direction and 
are stacked in the axial direction. 
[0138] Moreover, the front-end coil end group 81 f is 
constructed similarly. 

[0139] The rest of this embodiment is constructed in 
a similar manner to Embodiment 2 above. 
[0140] Consequently, in Embodiments, because the 
distant-address joint portions 31 1>6 are also arranged so 
as to be offset in circumferential directions relative to the 
six pairs of first and second near-address joint portions 
31 2 . 3 and 31 4 . 5! the heights of the coil end groups can 
be lowered and the six pairs of first and second near- 
address joint portions 31 2 . 3 and 31 4 . 5 are more easily 
exposed to the cooling airflows in a similar manner to 
Embodiment 2 above. 

[0141] According to Embodiment 5, the distant-ad- 
dress joint portions 31 1-6 joining together the end por- 
tions of the continuous conductor wires 32 in Address 1 
and Address 6 are divided into groups of three at the 
first and second circumferential ends of the six pairs of 
first and second near-address joint portions 31 2 . 3 and 
31 4 . 5 . Thus, because the amount of lead around of the 
end portions of the continuous conductor wires 32 con- 
stituting the distant-address joint portions 31 V6 is re- 
duced, positioning accuracy among the end portions of 
the continuous conductor wires 32 is raised, improving 
the joining reliability of the distant-address joint portions 
31 1-6 

[0142] Because the lead around portions of the con- 
tinuous conductor wires 32 constituting the distant-ad- 
dress joint portions 31 are only stacked in three levels 
in an axial direction, the axial height of the distant-ad- 
dress joint portions 31 can be lowered proportionately 
compared to Embodiment 2 above. Thus, the axial 
heights of the first and second near-address joint por- 
tions 31 2 . 3 and 31^5 can be lowered to match the dis- 
tant-address joint portions 31 ^g, enabling reductions in 
size. 

[0143] According to Embodiment 5, the first group of 
three distant-address joint portions 31 1-6 is arranged in 
one row at a first circumferential end so as to be in the 
same radial position and at the same axial height as the 
second near-address joint portions 31^, and the sec- 
ond group of three distant-address joint portions 31 ^ 
is arranged in one row at a second circumferential end 
so as to be in the same radial position and at the same 
axial height as the first near-address joint portions 31 2 . 3 . 
Thus, because the six second near-address joint por- 
tions 31^ and the first group of three distant-address 
joint portions 31 ^ 6 can be welded in turn by setting the 
stator core 15 in a welding apparatus and rotating the 
statorcore 15 at a predetermined pitch in a first circum- 
ferential direction, and then the six first near-address 



joint portions 31 2 . 3 and the second group of three dis- 
tant-address joint portions 31 ^ can be welded in turn 
by resetting the stator core 15 in the welding apparatus 
and rotating the stator core 1 5 at a predetermined pitch 

5 in the first circumferential direction, the welding opera- 
tion is improved compared to Embodiment 4 above. 
[0144] Moreover, in Embodiment 4 above, because 
the radial positions of the first and second near-address 
joint portions 31 2-3 and 31^ and the distant-address 

10 joint portions 31 1-€ are different, it is necessary to reset 
the statorcore 15 in the welding apparatus to weld each 
type of joint portion (the first and second near-address 
joint portions 31 2 . 3 and 31 4.5 and the distant-address 
joint portions 31^). 

15 

Embodiment 6 

[0145] Figure 1 9 is a diagram schematically showing 
a rear-end portion of the stator in the automotive alter- 
nator mounted with the stator according to Embodiment 
6 of the present invention viewed from a circumferential 
direction, Figure 20 is a side elevation showing the rear- 
end portion of the stator of the automotive alternator ac- 
cording to Embodiment 6 of the present invention 
viewed from radially outside, and Figure 21 is an end 
elevation showing the rear-end portion of the stator of 
the automotive alternator according to Embodiment 6 of 
the present invention viewed from axially outside. 
[0146] In Figures 19 to 21 , in a connection portion of 
the continuous conductor wires 32 in a rear-end coil end 
group 81 r (a portion where the end portions of the con- 
tinuous conductor wires 32 are joined together), six 
pairs of near-address joint portions each including a first 
near-address joint portion 3 1 2 . 3 joining the end portions 
of the continuous conductor wires 32 extending outward 
from Address 2 and Address 3 of slot pairs separated 
by six slots and a second near-address joint portion 
314,5 joining the end portions of the continuous conduc- 
tor wires 32 extending outward from Address 4 and Ad- 
dress 5 of the same slot pair are arranged at a pitch of 
one slot so as to form two rows in a circumferential di- 
rection and line up in single rows in a radial direction so 
as to be separated from each other at the same axial 
height. The end portions of the continuous conductor 
wires 32 extending outward from Address 1 and Ad- 
dress 6 of slot pairs separated by six slots are joined 
together by means of metal connection terminals 40 
formed by bending into a U shape, and are arranged so 
as to be offset by a pitch of 0.5 slot in a first circumfer- 
ential direction at the same height relative to the first and 
second near-address joint portions 31 2 . 3 and 314.5. 
[01 47] In other words, the end portions of the contin- 
uous conductor wires 32 extending outward from Ad- 
dress 1 and Address 6 of slot pairs separated by six slots 
extend outward from the slots 15a, then pass along an 
inner circumferential side and an outer circumferential 
side of each of the pairs of first and second near-address 
joint portions 31 2 . 3 and 314.5, are offset b Y a pitch of 0.5 
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slot in a first circumferential direction, and then bend so 
as to extend axially outward. The end portions of the 
continuous conductor wires 32 extending outward from 
Address 1 and Address 6 are each matched and welded 
to first and second ends of the metal connection termi- 
nals 40 inserted between adjacent pairs of the first and 
second near-address joint portions 31 2 .3 and 31 4 . 5 . 
Here, the joint portions joining the end portions of the 
continuous conductor wires 32 extending outward from 
Address 1 and Address 6 and the metal connection ter- 
minals 40 constitute the distant-address joint portions 
31 1- 6 . 

[0148] Moreover, the front-end coil end group 81f is 
constructed similarly. 

[0149] The rest of this embodiment is constructed in 
a similar manner to Embodiment 2 above. 
[0150] In Embodiment 6, because the metal connec- 
tion terminals 40 (distant-address joint portions 31^) 
are also arranged so as to be offset in circumferential 
directions relative to the six pairs of first and second 
near-address joint portions 31 2 . 3 and 314_ 5 , the heights 
of the coil end groups can be lowered and the six pairs 
of first and second near-address joint portions 31 2 _ 3 and 
314.5 are more easily exposed to the cooling airflows in 
a similar manner to Embodiment 2 above. 
[0151] Furthermore, the amount of leading around of 
the continuous conductor wires 32 for the distant-ad- 
dress joint portions is reduced, facilitating formation of 
the stator winding. 

[0152] Because the first and second near-address 
joint portions 31 2 _ 3 and 31^5 and the distant-address 
joint portions 31 V6 are arranged at a pitch of 0.5 slot in 
a circumferential direction, circumferential space occu- 
pied by the connection portions of the stator winding 81 A 
is reduced, and when mounted to an automotive alter- 
nator, the possibility of short-circuiting between the con- 
nection portions of the stator winding 81 A and the brack- 
ets 1 and 2 is reduced, improving electrical insulation 
proportionately. 

Embodiment 7 

[0153] In Embodiment 7, as shown in Figure 22, an 
insulating paper 41 functioning as an electrically-insu- 
lating material is interposed between first and second 
near-address joint portions 31 2 . 3 and 31 4.5 which line 
up in single rows in a radial direction, the insulating pa- 
per 41 being fixed to the first and second near-address 
joint portions 31 2 . 3 and 31 4 . 5 by varnish. 
[0154] Moreover, the rest of this embodiment is con- 
structed in a similar manner to Embodiment 6 above. 
[0155] According to Embodiment 7, because the in- 
sulating paper 41 is interposed between the first and 
second near-address joint portions 31 2 . 3 and 31 4 . 5 , 
electrical insulation between the first near-address joint 
portions 31 2 _ 3 and the second near-address joint por- 
tions 31^5 is reliably ensured. 



Embodiment 8 

[0156] In Embodiment 8, as shown in Figure 23, the 
insulating paper 41 is interposed between first and sec- 
5 ond near-address joint portions 31 2 . 3 and 31 4 . 5 which 
line up in single rows in a radial direction and distant- 
address joint portions 31 1-e , the insulating paper 41 be- 
ing fixed to the three types of joint portions 31 2 . 3 , 314.5, 
and 31 by varnish. 
10 [0157] Moreover, the rest of this embodiment is con- 
structed in a similar manner to Embodiment 6 above. 
[0158] According to Embodiment 8, because the in- 
sulating paper 41 is interposed between the near-ad- 
dress joint portions 31 2 . 3 and 31 4.5 and the distant-ad- 
15 dress joint portions 31 electrical insulation between 
the near-address joint portions 31 2 . 3 and 314.5 and tne 
distant-address joint portions 31 1-6 is reliably ensured. 
[01 59] Now, in Embodiment 8 above, continuous con- 
ductor wires 32 having a rectangular cross section are 
20 used, but conductor wires may also be used in which 
straight portions housed in the slots have a rectangular 
cross section and turn portions (coil ends) linking the 
straight portions have a circular cross section. In that 
case, even if the coil ends interfere with each other dur- 
25 jng installation of the stator winding into the stator core 
or when the stator is subjected to vibrations from the 
engine, damage to the electrically-insulating coating of 
the coil ends is suppressed because outer circumferen- 
tial surfaces of the coil ends are smooth, improving elec- 
30 trical insulation. In addition, if first and second end por- 
tions of the conductor wires are given a circular cross 
section, damage to the electrically-insulating coating re- 
sulting from interference is also suppressed in connec- 
tion portions of the conductor wires (the coil ends), fur- 
35 ther improving electrical insulation, and the first and sec- 
ond end portions of the conductor wires become easy 
to bend, improving connection workability in conductor 
wire connection portions with leading around of the end 
portions of the conductor wires. Moreover, it goes with- 
40 out saying that similar effects can also be achieved by 
adopting this kind of conductor wire construction in the 
other embodiments. 

[0160] In Embodiments 7 and 8 above, the insulating 
paper 41 is interposed between the joint portions in the 
^5 stator of Embodiment 6 above, but similar effects are 
also exhibited if the insulating paper 41 is interposed 
between the joint portions in the stators of the other em- 
bodiments. 

[0161] Moreover, each of the above embodiments 
50 has been explained with reference to stator cores in 
which the slots are formed at a ratio of two per phase 
per pole, but similar effects can also be achieved if the 
present invention is applied to stator cores in which slots 
are formed at a ratio of one or three or more per phase 
55 per pole. When the slots are formed at a ratio of two per 
phase per pole, the amount of time that a tooth formed 
between the slots overlaps an adjacent pair of the mag- 
netic poles relative to a radial direction is shortened 
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compared to when the slots are formed at a ratio of one 
per phase per pole. As a result, magnetic flux leakage 
is reduced, suppressing decreases in effective magnet- 
ic flux. In addition, the generation of surges in the mag- 
netic flux is suppressed, reducing fluctuations in gener- 
ated voltage and output waveform disturbances, there- 
by reducing ripples when alternating current is convert- 
ed into direct current. 

[01 62] Each of the above embodiments has been ex- 
plained with reference to rotors having sixteen magnetic 
poles, but the number of magnetic poles in the rotor is 
not limited to sixteen; the number of magnetic poles may 
be twelve, for example. 

[0163] In Embodiments 2 to 8 above, one six-turn 
winding phase portion 162 is constructed by stacking 
and installing the winding assemblies 33 in the stator 
core 1 5 in three layers, but if there is to be one four-turn 
winding phase portion, the winding assemblies 33 may 
be stacked and installed in the stator core 1 5 in two lay- 
ers, or if there is to be one eight-turn winding phase por- 
tion, the winding assemblies 33 may be stacked and in- 
stalled in the stator core 15 in four layers. 
[0164] The above embodiments have been explained 
as they apply to stators for automotive alternators, but 
the present invention is not limited to stators for auto- 
motive alternators and can also be applied to stators for 
dynamoelectric machines such as electric motors, etc. 
[0165] The present invention is constructed in the 
above manner and exhibits the effects described below. 
[0166] According to one aspect of the present inven- 
tion, there is provided a stator for a dynamoelectric ma- 
chine including: 

an annular stator core in which a plurality of slots 
extending axially are disposed in a circumferential 
direction; and 

a stator winding installed in the slots, the stator 
winding being provided with a plurality of winding 
sub-portions, each of the winding sub-portions in- 
cluding: 

slot-housed portions housed in housing posi- 
tions from Address 1 to Address m (m ^ 4) lined 
up in one row from an inner circumferential side 
to an outer circumferential side in each of the 
slots; and 

coil ends in which the slot-housed portions 
housed in different addresses in the slots in 
each slot pair separated by a predetermined 
number of slots are connected in series outside 
the slots, the coil ends including: 

distant-address joint portions in which the 
slot-housed portions housed in addresses 
separated by three or more addresses in 
the slots in the each slot pair are joined to- 
gether outside the slots; and 
near-address joint portions in which the 



slot-housed portions housed in addresses 
separated by two or less addresses in the 
slots In the each slot pair are joined togeth- 
er outside the slots, 

5 wherein the distant-address joint por- 

tions are disposed so as to be separated 
in a circumferential direction relative to the 
near-address joint portions, increasing the 
likelihood that the near-address joint por- 

10 tions are exposed to cooling airflows, and 

reducing axial height of the coil ends, 
thereby providing a compact stator for a dy- 
namoelectric machine having superior 
cooling. 

15 

[0167] Each of the winding sub-portions may be con- 
structed by inserting a plurality of conductor segments 
into different addresses in the slots in the each slot pair, 
the conductor segments each being formed into a U 

20 shape, and joining togetherf ree end portions of different 
conductor segments among the conductor segments 
extending outward from the slots from different address- 
es in the slots in the each slot pair, 

joint portions joining together the free end portions 

25 of the conductor segments being constituted by the dis- 
tant-address joint portions and the near-address joint 
portions, whereby the joint portions are disposed in a 
well-balanced manner in a circumferential direction, im- 
proving ventilation balance. 

so [01 68] The joint portions joining together the free end 
portions of the conductor segments may be arranged in 
a circumferential direction at a first end of the stator 
core, simplifying the joining process. 
[01 69] Each of the winding sub-portions may each be 

35 constructed by installing one co ntinuous conductor wire 
so as to occupy different addresses in the slots at inter- 
vals of the predetermined number of slots, 
the coil ends being constituted by: 

^0 turn portions of the continuous conductor wires in 
which different slot-housed portions among the slot- 
housed portions in the slots in the each slot pair are 
linked outside the slots; and 
joint portions joining together end portions of the 

45 continuous conductor wires in which different slot- 
housed portions among the slot-housed portions in 
the slots in the each slot pair are linked outside the 
slots, 

the joint portions joining together the end portions 
so of the continuous conductor wires being constituted 
by the distant-address joint portions and the near- 
address joint portions, greatly reducing the number 
of joints, thereby facilitating preparation of thestator 
winding. 

55 

[0170] The plurality of winding sub-portions may be 
constructed by installing winding assemblies in the sta- 
tor core so as to be stacked in two or more layers in a 
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slot depth direction, the winding assemblies each being 
formed by simultaneously folding a plurality of the con- 
tinuous conductor wires, and 

wherein each of the winding assemblies is con- 
structed by arranging continuous conductor wire pairs 
equivalent in number to the predetermined number of 
slots so as to be offset by a pitch of one slot from each 
other, each of the continuous conductor wire pairs being 
composed of two of the continuous conductor wires ar- 
ranged so as to be offset from each other by a pitch 
equivalent to the predetermined number of slots and so 
as to stack the slot-housed portions stacked in the slot 
depth direction, and the two continuous conductor wires 
each being formed into a pattern in which the slot- 
housed portions are arranged at a pitch equivalent to 
the predetermined number of slots and adjacent pairs 
of the slot-housed portions linked by the turn portions 
are offset so as to alternately occupy different address- 
es in the slots, simplifying installation of the stator wind- 
ing into the stator core. 

[0171] The near-address joint portions may be ar- 
ranged in a circumferential direction so as to have a uni- 
form axial height, and each of the distant-address joint 
portions may be disposed between circumferential fy- 
adjacent pairs of the near-address joint portions at the 
same axial height as the near-address joint portions, re- 
ducing the space occupied by the joint portions, thereby 
suppressing the occurrence of short-circuiting incidents 
between the joint portions and a bracket. 
[0172] The near-address joint portions may be ar- 
ranged in a circumferential direction so as to have a uni- 
form axial height, and the distant-address joint portions 
may be arranged in a circumferential direction at the 
same axial height as the near-address joint portions at 
a first circumferential end of a group of the near-address 
joint portions arranged in the circumferential direction, 
reducing the lead-around direction of the conductor 
wires for the distant-address joint portions to one cir- 
cumferential direction, enabling the joint portions to be 
joined in turn in one circumferential direction, thereby 
facilitating the processes of bending and joining the con- 
ductor wires, and enabling use to be made of space 
above the turn portions for the distant-address joint por- 
tions, thereby facilitating joining of the distant-address 
joint portions. 

[0173] The near-address joint portions may be ar- 
ranged in a circumferential direction so as to have a uni- 
form axial height, and the distant-address joint portions 
may be arranged in a circumferential direction at the 
same axial height as the near-address joint portions at 
first and second circumferential ends of a group of the 
near-address joint portions arranged in the circumferen- 
tial direction, reducing the amount of leading around of 
the conductor wires, thereby raising the positioning ac- 
curacy of the distant-address joint portions and enabling 
the axial height of the distant-address joint portions to 
be lowered, and enabling use to be made of space 
above the turn portions for the distant-address joint por- 



tions, thereby facilitating joining of the distant-address 
joint portions. 

[0174] The near-address joint portions may be ar- 
ranged in at least one row in a circumferential direction, 

5 radial positions of the distant-address joint portions 
aligning with at least one row of the near-address joint 
portions arranged in the circumferential direction, im- 
proving the joining operation. 
[0175] The distant-address joint portion may be 

10 formed by directly joining together extending portions of 
the slot-housed portions, eliminating the need for joining 
materials in a separate member, thereby reducing ma- 
terial costs. 

[0176] The distant-address joint portion may be 
is formed by joining together extending portions of the slot- 
housed portions by means of a metal connection por- 
tion, reducing the amount of leading around of the con- 
ductor wires tor the distant-address joint portions, there- 
by facilitating formation of the stator winding. 
[0177] An electrically-insulating material maybe inter- 
posed in at least one position selected from a group in- 
cluding a position between the distant-address joint por- 
tion and the near-address joint portion, a position be- 
tween two of the distant-address joint portions, and a 
position between two of the near-address joint portions, 
providing superior electrical insulation. 
[0178] Although the preferred embodiments of the 
present invention have been described above, it should 
be understood that the present invention is not limited 
thereto and that other modifications will be apparent to 
those skilled in the art without departing from the scope 
of the invention. 



Claims 

1 . A stator for a dynamoelectric machine comprising: 

an annular stator core (15) in which a plurality 
of slots (15a) extending axially are disposed in 
a circumferential direction; and 
a stator winding (81 ,81 A) installed in said slots, 
said stator winding being provided with a plu- 
rality of winding sub-portions (29,34-39), each 
of said winding sub-portions comprising: 

slot-housed portions (30a,32b) housed in 
housing positions from Address 1 to Ad- 
dress m (m > 4) lined up in one row from 
an innercircumferentialsideto an outer cir- 
cumferential side in each of said slots 
(15a); and 

coil ends in which said slot-housed por- 
tions housed in different addresses in said 
slots in each slot pair separated by a pre- 
determined number of slots are connected 
in series outside said slots, said coil ends 
including: 



25 



30 



35 



40 



45 



50 



22 



41 



EP 1 248 350 A2 



42 



distant-address joint portions (31 ^4, 
31i-6» 31 2-5) in which said slot-housed 
portions (30a,32b) housed in address- 
es separated by three or more ad- 
dresses in said slots in said each slot 5 
pair are joined together outside said 
slots; and 

near-address joint portions (31 2-3, 
3I3-4.3I4.5) in which said slot-housed 
portions (30a,32b) housed in address- 10 
es separated by two or less addresses 
in said slots in said each slot pair are 
joined together outside said slots, 

wherein said distant-address joint portions 15 
(31^4,31^5,312. 5 ) are disposed so as to be sepa- 
rated in a circumferential direction relative to said 
near-address joint portions (31 2.3,313.4,31 4.5). 

2. The stator for a dynamoelectric machine according 20 
to Claim 1 

wherein each of said winding sub-portions (29) is 
constructed by inserting a plurality of conductor 
segments (30) into different addresses in said slots 
(15a) in said each slot pair, said conductor seg- 25 
ments each being formed into a U shape, and join- 
ing together free end portions (30c) of different con- 
ductor segments (30) among said conductor seg- 
ments extending outward from said slots from dif- 
ferent addresses in said slots in said each slot pair, 30 

joint portions (3^.4,312-3) joining together 
said free end portions of said conductor segments 
being constituted by said distant-address joint por- 
tions (3^.4) and said near-address joint portions 

(31 2 _ 3 ). 35 

3. The stator for a dynamoelectric machine according 
to Claim 2 

wherein said joint portions joining (3^.4,312.3) to- 
gether said free end portions (30c) of said conduc- 40 
tor segments (30) are arranged in a circumferential 
direction at a first end of said stator core (1 5). 

4. The stator for a dynamoelectric machine according 

to Claim 1 45 
wherein each of said winding sub-portions (34-39) 
is constructed by installing one continuous conduc- 
tor wire (32) so as to occupy different addresses in 
said slots (15a) at intervals of said predetermined 
number of slots, so 
said coil ends being constituted by: 

turn portions (32a) of said continuous conduc- 
tor wires (32) in which different slot-housed por- 
tions (32b) among said slot-housed portions in 55 
said slots (15a) in said each slot pair are linked 
outside said slots; and 

joint portions (31^6,312.3,312.5,313.5,314.5) 



joining together end portions of said continuous 
conductor wires (32) in which different slot- 
housed portions (32b) among said slot-housed 
portions in said slots in said each slot pair are 
linked outside said slots, 
said joint portions joining togethersaid end por- 
tions of said continuous conductor wires being 
constituted by said distant-address joint por- 
tions (31 1-6,31 2.5) and said near-address joint 
portions (31 2 . 3; 31 3 . 5 ,31+ 5 ). 

5. The stator for a dynamoelectric machine according 
to Claim 4 

wherein said plurality of winding sub-portions 
(34-39) are constructed by installing winding as- 
semblies (33) in said stator core so as to be stacked 
in two or more layers in a slot depth direction, said 
winding assemblies each being formed by simulta- 
neously folding a plurality of said continuous con- 
ductor wires (32), and 

wherein each of said winding assemblies (33) 
is constructed by arranging continuous conductor 
wire pairs equivalent in number to said predeter- 
mined number of slots so as to be offset by a pitch 
of one slot from each other, each of said continuous 
conductor wire pairs being composed of two of said 
continuous conductor wires (32) arranged so as to 
be offset from each other by a pitch equivalent to 
said predetermined number of slots and so as to 
stack said slot-housed portions (32b) in said slot 
depth direction, and said two continuous conductor 
wires (32) each being formed into a pattern in which 
said slot-housed portions (32b) are arranged at a 
pitch equivalent to said predetermined number of 
slots and adjacent pairs of said slot-housed portions 
(32b) linked by said turn portions (32a) are offset so 
as to alternately occupy different addresses in said 
slots (15a). 

6. The stator for a dynamoelectric machine according 
to any of Claims 1 to 5 wherein said near-address 
joint portions (31 2 . 3 ,31 4.5) are arranged in a circum- 
ferential direction so as to have a uniform axial 
height, and each of said distant-address joint por- 
tions (31^,31-i.g) is disposed between circumfer- 
entially-adjacent pairs of said near-address joint 
portions (31 2 . 3 ,31 4 . 5 ) at the same axial height as 
said near-address joint portions. 

7. The stator for a dynamoelectric machine according 
to either of Claims 4 or 5 wherein said near-address 
joint portions (312-3,314.5) are arranged in a circum- 
ferential direction so as to have a uniform axial 
height, and said distant-address joint portions 
(31 ^g) are arranged in a circumferential direction at 
the same axial height as said near-address joint 
portions at a first circumferential end of a group of 
said near-address joint portions (31 2 . 3 ,314. 5 ) ar- 
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ranged in said circumferential direction. 

8. The stator for a dynamoelectric machine according 
to either of Claims 4 or 5 wherein said near-address 
joint portions (31 2 . 3 ,31 4 . 5 ) are arranged in a circum- 5 
ferential direction so as to have a uniform axial 
height, and said distant-address joint portions 

(31 A . 6 ) are arranged in a circumferential direction at 
the same axial height as said near-address joint 
portions at first and second circumferential ends of 10 
a group of said near-address joint portions (31 2 . 3 , 
31 4 _ 5 ) arranged in said circumferential direction. 

9. The stator for a dynamoelectric machine according 

to any of Claims 6 to 8 wherein said near-address 1* 
joint portions (31 2 .3,313. 4 ,31 4 . 5 ) are arranged in at 
least one row in a circumferential direction, radial 
positions of said distant-address joint portions 
(31^4,31^6,312-5) aligning with at least one row of 
said near-address joint portions (31 2 . 3 ,31 3 . 4 ,314. 5 ) 20 
arranged in said circumferential direction. 

1 0. The stator for a dynamoelectric machine according 
to any of Claims 1 to 9 wherein an electrically-insu- 
lating material (41) is interposed in at least one po- 25 
sition selected from a group comprising a position 
between said distant-address joint portion (31 ^ 
31^,313.5) and said near-address joint portion 
(312.3,313.4,31^5), a position between two of said 
distant-address joint portions (31^,31 ^,312.5), 30 
and a position between two of said near-address 
joint portions (31 2 -3,31 3.4,31 4 _ 5 ). 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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FIG. 9 
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FIG. 11 
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FIG. 14 
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FIG. 17 
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